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Introduction 



Welcome to Getting Started with ArcGIS. This book is intended to help you 
get started using ESRI® ArcGIS™ software and to illustrate the methods 
and procedures involved in conducting a geographic information system 
(GIS) project. If you are new to GIS, this book is a great place to start — you 
can learn how to use a GIS to solve problems while you are learning to use 
ArcGIS. 

This book is divided into two sections. The first section, 'Getting to Know 
ArcGIS', teaches you the basics of ArcGIS and GIS data. The second 
section, 'Conducting a GIS Project', begins with Chapter 4, 'Planning a 
GIS project', and is a sample GIS project that you can work through. The 
project is designed to let you work at your own pace, without the need of 
additional help. Readers who wish to complete the entire GIS project 
section of the book should plan to spend about eight hours of focused time 
on the project. 

In order to get started, you will need ArcGIS installed on a Windows® 
machine. You will also need to install the ArcTutor tutorial data on your 
machine or on a networked drive. Proceed to Chapter 1, 'Welcome to 
ArcGIS', when you are ready to get started. 
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IN THIS CHAPTER 

• What can you do with ArcGIS? 

• ArcGIS as a single-user GIS 

• ArcGIS as a multiuser GIS 

• Sample GIS tasks 

• Tips on learning ArcGIS 
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Welcome to ArcGIS, ESRFs premier GIS software. You can do virtually 
any GIS job at any scale of complexity with ArcGIS, from conducting a 
single analysis project on your own to implementing a vast, multiuser, 
enterprisewide GIS for your organization. 

Use this book to learn what GIS is all about, and in just a short time you 
can begin to apply ArcGIS for all of your GIS needs. 

Today, GIS is used by thousands of different organizations and hundreds of 
thousands of individuals to access and manage fantastically varied sets of 
geographically related information. 

In this chapter, you will find samples of real-world uses of ArcGIS, a brief 
discussion of the different ways that GIS is used, some examples of how 
ArcGIS lets you use central GIS functions and, finally, some directions for 
learning more about ArcGIS. 
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What can you do with ArcGIS? 




A tax assessor's office produces 
land use maps for appraisers and 
planners. 



A water department finds the 
valves to isolate a ruptured water 
main. 
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A police department studies 
crime patterns to intelligently 
deploy its personnel and to 
monitor the effectiveness of 
neighborhood watch programs. 
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An engineering department 
monitors the condition of roads 
and bridges and produces 
planning maps for natural 
disasters. 





A transit department produces 
maps of bicycle paths for 
commuters. 



A wastewater department 
prioritizes areas for repairs after 
an earthquake. 
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A telecommunication company 
studies the terrain to find 
locations for new cell phone 
antennae. 



A pipeline company finds the 
least-cost path for a new 
pipeline. 





An electric utility models its 
circuits to minimize power loss 
and to plan the placement of new 
devices. 
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A business evaluates locations 
for new retail outlets by 
considering nearby 
concentrations of customers. 





8 




Getting Started with ArcGIS 



Unique projects to daily business 



You can use ArcGIS in different ways, depending on the 
complexity of your needs. 

Some people use ArcGIS primarily as a single-user 
mapping and analysis tool, usually in the context of a well- 
defined, finite project. This common use of ArcGIS is 
sometimes called project GIS. Other people use ArcGIS in 
a multiuser system designed to serve an organization's 
ongoing needs for geographic information. Multiuser GIS 
is sometimes divided into departmental and enterprise GIS, 
according to a system's level of complexity and integration 
with the day-to-day operation of an organization. 

This book presents ArcGIS in the context of project GIS 
because a project is a good, self-contained way to explore a 
variety of basic GIS functions. 

Project GIS 

In a GIS analysis project, an analyst faces a variety of tasks 
that can be grouped into four basic steps. 

The first step is to convert a question, such as "Where is 
the best place for a new building?" or "How many potential 
customers are near this store?", into a GIS database design 
and an analysis plan. This involves breaking the question 
into logical parts, identifying what layers of data will be 
needed to answer each part, and developing a strategy for 
combining the answers to each part of the question into a 
final answer. 

The next step is to create a database that contains the 
geographic data required to answer the question. This may 
involve digitizing existing maps, obtaining and translating 
electronic data from a variety of sources and formats, 
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making sure the layers are of adequate quality for the task, 
making sure the layers are in the same coordinate system 
and will overlay correctly, and adding items to the data to 
track analysis result values. Personal workspaces of file- 
based data and personal geodatabases are used to organize 
project GIS geodatabases. 

The next step is to analyze the data. This usually involves 
overlaying different layers, querying attributes and feature 
locations to answer each logical part of the question, 
storing the answers to the logical parts of the question, and 
retrieving and combining those answers to provide a 
complete answer to the question. 

The final step in a project-based analysis is to 
communicate the results of the analysis, usually to people 
who do not use GIS and who have different levels of 
experience in dealing with maps. Maps, reports, and graphs 
are all used, often together, to communicate the answer to 
the question. 

Multiuser GIS 

In a multiuser GIS, people in an organization — from a few 
in a single office to hundreds in different branches — use 
the GIS in different ways to support their daily tasks. 

Departmental GIS refers to systems developed within a 
single department to support a key function of the 
department. For example, a planning department might 
routinely use GIS to notify property owners of proposed 
zoning changes near their property. 

A departmental GIS is usually managed within the 
department and often has specialists devoted to different 
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tasks. For example, a department might have its own 
system administrator, digitizer, and GIS analyst. 
Departmental GIS is often customized to automate and 
streamline procedures. For example, a planning department 
could use a GIS application that finds the names and 
addresses of parcel owners within a designated area and 
automatically generates notification letters. 



The functions of a multiuser GIS are like those of a project 
GIS, but on a larger scale and operating in a continuous, 
cyclical fashion. Planning is crucial for multiuser systems, 
but the rewards — including increased operational 
efficiency, better allocation of scarce resources, 
consistency of information, and better-informed 
decisions — are tremendous. 



An enterprise GIS spans departments in an organization. 
These large systems support multiple functions of an 
organization, from daily business to strategic planning. An 
enterprise GIS is usually managed as a part of the 
organization's information technology infrastructure. For 
example, a city's enterprise GIS integrates the business 
functions of building and maintaining the city. The 
engineering department builds the infrastructure for a 
subdivision using the same geodatabase that the planning 
department and assessor use to do their jobs. 

An organization's entire network becomes the platform for 
an enterprise GIS. To provide access to many users, an 
enterprise GIS stores data in commercial relational 
database management systems (RDBMSs), such as 
Oracle®, Informix® Dynamic Server, and 
Microsoft® SQL Server™, that have been spatially enabled 
by ESRI's ArcSDE™ (formerly SDE®) software. 

Using ArcSDE allows GIS data to be viewed and edited by 
many people simultaneously. To make the most of a 
networked system's capabilities, multiple seats of key 
applications, such as ArcCatalog™, ArcMap™, and 
ArcToolbox™, are deployed on desktop machines across 
an organization. Servers supply them with data and perform 
processor-intensive tasks. 
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Tasks you perform with ArcGIS 



Whether you use GIS in a project or multiuser 
environment, you can use the three ArcGIS desktop 
applications — ArcCatalog, ArcMap, and ArcToolbox — to 
do your work. 

ArcCatalog is the application for managing your spatial 
data holdings, for managing your database designs, and for 
recording and viewing metadata. ArcMap is used for all 
mapping and editing tasks, as well as for map-based 
analysis. ArcToolbox is used for data conversion and 
geoprocessing. 

Using these three applications together, you can perform 
any GIS task, simple to advanced, including mapping, data 
management, geographic analysis, data editing, and 
geoprocessing. 

ArcCatalog 

ArcCatalog lets you find, preview, document, and organize 
geographic data and create sophisticated geodatabases to 
store that data. 
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ArcCatalog provides a framework for organizing large and 
diverse stores of GIS data. 

Different views of your data help you quickly find what 
you need, whether it is in a file, personal geodatabase, or 
remote RDBMS served by ArcSDE. 




Record: 1 _ _^J - mJ Show: | All 

Preview: | Table 



11 



You can use ArcCatalog to organize folders and file-based 
data when you build project databases on your computer. 

You can create personal geodatabases on your computer 
and use tools in ArcCatalog to create or import feature 
classes and tables. 
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You can also view and update metadata, allowing you to 
document your datasets and projects. 
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Horizontal coordinate system 

Projected coordinate system name: 
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ArcMap 



ArcMap lets you create and interact with maps. In ArcMap, 
you can view, edit, and analyze your geographic data. 
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You can symbolize your data in a wide variety of ways. 



*. AlricaHoin ' ArcM.jp 



Edfl View insert Selection Tools Window Help 



I □ g3 o.al * ^ i 



[1:4,464,165 _l] J ijl | #1 1 | 



He I "-I 

..I . I . I .. I - I l I. jJ i 1-1 l!-J|ll»^*! 



Horn of Africa 

3 0 OSes 

o 

0 [3 Country End - Middle Eat 

a 

□ 0 Country 

a 

3 0 Rivers 

River Type 
Canal 

— ■ IntaiFiittent 

— Perennial 
3 & Roads 

Road Type 

— Gravel; Tiack or tiai; 

— Maid surface 
B 0 Ocean 

Ocean 
3 0 Lakes 

Lake Type 

Intamjttent lake 
■ Lake: Reserve* 

Salt pan 
El 0 afhorndem 

Vekie 



if 




Horn of Africa 



11 34 i5 61 Jnd 



13 



You can create charts and reports to communicate your 
understanding with others. 
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You can lay out your maps in a what-you-see-is-what-you- 
get layout view. 
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With ArcMap, you can create maps that integrate data in a 
wide variety of formats including shapefiles, coverages, 
tables, computer-aided drafting (CAD) drawings, images, 
grids, and triangulated irregular networks (TINs). 

ArcToolbox 

ArcToolbox is a simple application containing many GIS 
tools used for geoprocessing. 
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Simple geoprocessing tasks are accomplished through 
form-based tools. 



| ' Dissolve 








OK 


input coverage: |D:\data\terunit 






Feature class: | Poly T | 




Cancel | 


Dissolve item: | slope 




Help 






Output coverage: |D:\data\slope 






Batch ▼ | 





More complex operations can be done with the aid of 
wizards. 
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Accessing the ArcGIS desktop applications 



The ArcGIS desktop applications can be accessed using 
three software products, each providing a higher level of 
functionality. 

• Arc View® provides comprehensive mapping and 
analysis tools, along with simple editing and 
geoprocessing tools. 

• ArcEditor™ includes the full functionality of ArcView, 
with the addition of advanced editing capabilities. 

• Arclnfo™ extends the functionality of both to include 
advanced geoprocessing. 

Note that there are two versions of ArcToolbox: the 
complete ArcToolbox, which comes with Arclnfo, and a 
lighter version of ArcToolbox, which comes with ArcView 
and ArcEditor. 

ArcToolbox for Arclnfo comes with a complete, 
comprehensive set of tools (well over 150) for 
geoprocessing, data conversion, map sheet management, 
overlay analysis, map projection, and much more. 

ArcToolbox for ArcView and ArcEditor contains more than 
20 commonly used tools for data conversion and 
management. 

You can use this book with ArcView, ArcEditor, or Arclnfo 
since it uses functionality common to all three software 
products. 

See What is ArcGIS? for more information on ArcView, 
ArcEditor, and Arclnfo. 
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Tips on learning ArcGIS 

This book is intended to help you learn the basics of 
ArcGIS. You can use the other books that come with 
ArcGIS to supplement the information in this book and to 
learn more about other tasks you can perform using 
ArcGIS. 

When you want quick information about how to do a 
specific task, you can look it up in three handy reference 
books: Using ArcCatalog, Using ArcMap, and Using 
ArcToolbox. These books are organized around specific 
tasks. They provide answers in clear, concise steps with 
numbered graphics. Some of the chapters also contain 
background information if you want to find out more about 
the concepts behind a task. 

Building a Geodatabase provides a step-by-step guide to 
building a geodatabase and implementing your geodatabase 
design in ArcGIS. 

Two other books, Modeling Our World and The ESRI 
Guide to GIS Analysis, present the concepts behind GIS 
data models and geographic analysis, respectively. 
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The online Help system in ArcGIS also provides a wealth 
of information on using the software. Just click the Help 
button on any toolbar or dialog box. To get more 
information, see "Using this Help system" under the Help 
topic "Getting more help". 
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Using this Help system 
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commands in the application window 
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The "What's next?" section at the end of this book lists 
additional resources for learning ArcGIS and for getting 
help in completing your own GIS projects. 
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Exploring ArcCatalog and ArcMap 
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IN THIS CHAPTER 

• Introducing ArcCatalog 

• Viewing data in ArcCatalog 

• Connecting to data 

• Introducing ArcMap 

• Working with maps 

• Exploring a map 

• Adding a layer to a map 

• Adding features from a database 

• Changing layer symbolization 

• Adding labels 

• Laying out a map 

• Saving a map 

• Printing a map 

• What's next? 



Maps are the most commonly used tools for understanding spatial informa- 
tion. Whether you do analysis or editing, produce wall maps or illustrate 
reports, design GIS databases or manage them — when you work with GIS 
you work with maps. ArcMap allows you to work with all of your geo- 
graphic data in maps, regardless of the format or location of the underlying 
data. With ArcMap, you can assemble a map quickly from predefined 
layers, or you can add data from coverages, shapefiles, geodatabases, grids, 
TINs, images, and tables of coordinates or addresses. 

Two other GIS applications — ArcCatalog and ArcToolbox — are designed to 
work with ArcMap. In ArcCatalog, you can browse, organize, and docu- 
ment your data and easily drag and drop it onto an existing map in ArcMap. 
Using the tools in ArcToolbox, you can project and convert data. If you are 
working in Arclnfo, ArcToolbox also has tools for sophisticated 
geoprocessing. It has never been easier to use the power of GIS. 

In this chapter, you will create a map for a planning meeting of the 
Greenvalley City Council. You will use ArcCatalog to find the data and 
produce the map in ArcMap. 
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Introducing ArcCatalog 



ArcCatalog is the tool for browsing, organizing, 
distributing, and documenting an organization's GIS data 
holdings. 

In this exercise you work for the (fictitious) City of 
Greenvalley The City Council is debating a proposal to 
build additional water mains downtown. As part of the 
process, the Council is reviewing water use in the 
downtown area. 

You have been asked to make a map that shows the water 
mains in downtown Greenvalley and the relative water use 
at each parcel downtown. 

To make the map easy to read, you will add the data to a 
general-purpose map of the town. 

Start ArcCatalog 

1 . Click the Start button on the taskbar. 

2. Point to Programs to display the Programs menu. 

3. Point to ArcGIS. 

4. Click ArcCatalog. 
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ArcCatalog starts, and you see two panels in the 
ArcCatalog window. 
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The Catalog tree on the left side of the ArcCatalog window 
is for browsing and organizing your GIS data. The contents 
of the current branch are displayed on the right side of the 
Catalog window. 
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Viewing data in ArcCatalog 



When you need more information about a branch of the 
Catalog tree, you can use the Contents, Preview, and 
Metadata tabs to view your data in many different ways. 

In this example, the Arclnfo coverage "cl" contains street 
centerlines. It is located on a computer's E:\ drive in a 
folder called City. 
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If you select a data source in the tree, you can view it in 
several ways, depending on the tab that you choose. Each 
tab has a toolbar associated with it that allows you to 
modify how you see your data. 

These are Contents views: 
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These are Preview views: 




These are Metadata views: 



Contents] Preview Metadata 



cl 



Contents | Preview Metadata | 



Metad 



Iden 
Spal 
Entil 
Disti 
Met 



Cl 

Coverage 



Description 



] 



Spatial 



Attributes 



Details for cl.aat 

Type of object: Feature Class 
Number of records: 4530 
Attributes 

FID_1 

Shape 

FNODE# 



19 



Connecting to your data 



When you start ArcCatalog for the first time, the Catalog 
tree has a branch for each local hard drive. Branches for 
Coordinate Systems, Database Connections, Geocoding 
Services, Internet Servers, and Search Results can be added 
by clicking the Tools menu and clicking Options, then 
checking the check boxes next to the branches you want to 
add to the catalog. You can view the contents of a branch 
by double-clicking it or by clicking the plus sign beside it. 

You can also create new branches in the Catalog tree to 
make it easier to navigate to your data. These branches are 
called connections. 

Before continuing, you will need to know where the 
tutorial data has been installed on your system. 

Make a connection to the tutorial data 

Now you will add a connection to the folder that contains 
the tutorial data. This new branch in the Catalog tree will 
remain until you delete it. 

1 . Click the Connect to Folder button. 



1*9 



fla e x 



□ □ 



When you click the button, a window opens that lets you 
navigate to a folder on your computer or to a folder on 
another computer on your network. 
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Navigate to the ArcGIS\ArcTutor\Getting_Started\ 
Greenvalley folder on the drive where the tutorial data 
is installed. Click OK. 



Connect to Folder 



Choose the folder to which you want to connect: 



1 C: WcG I S WcT utoAG etting_S tarted\G reenvalley 



j 



B 



_J ArcGIS 
B-Q arcexe81 
B -Q ArcTutor 
B-Cl 3DAnalyst 
l+l -T"! BuildingaGeodatabase 
B-Cl Catalog 
B-Cl Editor 
B-Q Geocoding 
B-Q GeoStats 
B-Q Getting_Started 



□ K 



Cancel 



The new connection shows up as a branch in the 
Catalog tree. 

Catalog 
B-{J CA 

B-{^ C:\ArcGIS\ArcTutor\Getting_Started\Greenvallev 
i-tj DA 
i-tj EA 

B"(^ Database Connections 
[+]-® Geocoding Services 
B --^ Internet Servers 
Search Results 
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Explore the Greenvalley folder connection 

You can now look at the tutorial data that you have added. 

1 . Click the ArcGIS\ArcTutor\Greenvalley folder to view 
its contents on the right side of the ArcCatalog window. 

2. Click the plus sign to expand the connection in the 
Catalog tree. This branch of the tree contains a folder, 
map documents, and a layer. 



1,^1 ArcCatalog - Arclnfo - C:\ArcGIS\ArcTutor\Getting_Started\Greenvallev ( | | 


File Edit View Go Tools Help 
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Location: | C: WcG ISVArcT utor\G etti 


ig_Started\Green valley 


Catalog 

m -Q§ OA 

\ BO Data 

El (5 GreenvalleyDB 
|- •'Q Downtown Water 

L ^ Water Use 
m-ljl DA 

Database Connections 
|j-® Geocoding Services 
+ =rJ,' Internet Servers 
l±] -£3L Search Results 


Contents | Preview | Metadata ] 

Name | Type 


□ Data Folder 
@ Downtown Water Map Document 
snvalley Map Document 
ater Use Layer 




<\ 1 >\ 







The Greenvalley folder has a special icon to show that it 
contains GIS data. By default, ArcCatalog recognizes many 
different file types as GIS data including shapefiles, 
coverages, raster images, TINs, geodatabases, projection 
files, and so on. If the list of recognized file types does not 
include a file type that you use in GIS analysis, you can 
customize ArcCatalog to recognize additional file types — 
for example, text files — as GIS data. 
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The Greenvalley map document is a general-purpose map 
of the City. 

The Water Use layer shows a set of parcels in Greenvalley 
with a color scheme that indicates relative water use at 
each parcel. 

Maps and layers 

Maps and layers are important ways of organizing and 
displaying data in ArcGIS. 

Maps, such as everyday paper maps, can contain many 
kinds of data. The data on a map is organized into layers, 
which are drawn on the map in a particular order. Each map 
contains a page layout where graphic elements, such as 
legends, North arrows, scale bars, text, and other graphics, 
are arranged. The layout shows the map page as it will be 
printed. 

Layers define how a set of geographic features will be 
drawn when they are added to a map. They also act as 
shortcuts to the place where the data is actually stored — not 
necessarily the same place as where the layer file is stored. 
In this case, both the map and the layer refer to data that is 
stored in the Data folder. 

If you store your geographic data in a central database, you 
can create maps and layers that refer to the database. This 
makes it easy to share maps and layers within an 
organization and eliminates the need to make duplicate 
copies of your data. 
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View the thumbnail sketch of the Greenvalley map 

The right-hand panel of ArcCatalog displays datasets in 
many different ways. You can click an object in the left 
panel to view it in the right panel. One of the views that 
can be useful when you want to select a particular map is 
the thumbnail view. 

1 . Click the Thumbnails button on the Standard toolbar. 

1 



^ EEs: ifll 









You can see the thumbnail sketch of the map. 



Contents | Preview | Metadata] 



Name: Green valley, mxd 
Type: Map Document 




Green valley, mwd 
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Open the Greenvalley map 

You will use the Greenvalley map to provide context for 
the information that the City Council wants. 

1. Double-click Greenvalley in the Catalog tree. 



£l Catalog 

B-t^ C:WcGISWcTutor\GettingLStarl 
E-Cl Data 

E-Q GreenvalleyDB 
ffil Downtown Water 



^ Water Use 
&(J DA 

E:\ 

iJ I 



i 

J 



Double-clicking a map in the Catalog tree opens the map in 
ArcMap. 

Sometimes you may want to start ArcMap without opening 
an existing map. You can start ArcMap by clicking the 
Launch ArcMap button in ArcCatalog. 



Launch ArcMap button 

You can also start ArcMap as you would any other program 
on your system, whether the Catalog tree is open or not. 
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Introducing ArcMap 



ArcMap is the tool for creating, viewing, querying, editing, 
composing, and publishing maps. 

Most maps present several types of information about an 
area at once. This map of Greenvalley contains three layers 
that show public buildings, streets, and parks. 

You can see the layers in this map listed in the table of 
contents. Each layer has a check box that lets you turn it on 
or off. 




ArcMap Table of Contents 
Point features 



Line features 



Area features 



Within a layer, symbols are used to draw the features. In 
this case, buildings are represented by points, streets by 
lines, and parks by areas. Each layer contains two kinds of 
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information. The spatial information describes the location 
and shape of the geographic features. The attribute 
information tells you about other characteristics of the 
features. 

In the park layer, all the features are drawn with a single 
green fill symbol. This single symbol lets you identify 
areas that are parks, but it does not tell you anything about 
the differences between the parks. 

In the street layer, the features are drawn with different line 
symbols according to the type of street that the lines 
represent. This symbol scheme lets you differentiate streets 
from other types of features and tells you something about 
the differences between the features as well. 

In the buildings layer, the features are drawn with different 
point symbols. The shapes and colors of the symbols allow 
you to differentiate the institutions that they represent. All 
of the schools are grouped together and drawn with a 
particular symbol, so you can easily differentiate schools 
from the hospital or from City Hall. Each school symbol is 
drawn with a different color, which lets you differentiate 
Pine Elementary from Greenvalley High. 
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Working with maps 



ArcMap offers many ways to interact with maps. 
Exploring 

Maps let you see and interpret the spatial relationships 
among features. You could use the map you have just 
opened to find City Hall, to identify parks near schools, or 
to get the names of the streets around the library. 

Analyzing 

You can create new information and find hidden patterns 
by adding layers to a map. For example, if you added a 
layer of demographic information to the Greenvalley map, 
you might use the resulting map to define school districts 
or find potential customers. If you added layers of geology 
and surface slope, you might use the map to identify areas 
at risk for landslides. 

Presenting results 

ArcMap makes it easy to lay out your maps for printing, 
embedding in other documents, or electronic publishing. 
You can quickly make great maps of your data. When you 
save a map, all of your layout work, symbols, text, and 
graphics are preserved. 

ArcMap includes a vast array of tools for creating and 
using maps. In the rest of this chapter, you will use some of 
these tools. 
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Customizing 



Maps are tools for getting a job done. You can create maps 
that have exactly the tools you need to help you complete 
your job quickly. You can easily customize the ArcMap 
interface by adding tools to existing toolbars (or removing 
them) or by creating custom toolbars. You can save these 
changes to the interface with a particular map or for every 
map that you open. 

You can also use the Visual Basic® for Applications (VBA) 
programming language included in ArcMap to create new 
tools and interfaces. For example, you can create a VBA 
tool to make a table of the addresses of houses in a selected 
area. Once the tool is created, you can associate it with a 
custom toolbar and save it with a map for anyone to use. 

Programming 

You can build completely new interfaces for interacting 
with your maps and create new, specialized classes of 
features. ArcGIS is built using Microsoft's Component 
Object Model (COM); all of the COM components are 
available to developers using a COM-compliant 
programming language. For more information about 
customizing ArcMap and ArcCatalog, refer to Exploring 
ArcObjects. 
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Exploring a map 



You can explore a map in several ways. The Tools toolbar 
contains frequently used tools that let you navigate around 
the map, find features, and get information about them. 

Zoom in and get information 

If you want to see an area of the map in greater detail, you 
can zoom in to the map. 

1 . Click the Zoom In button. 

2. Drag a box around one of the parks to zoom in to it. 

? ? 
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When you drag a box on the map after clicking the Zoom 
In button, the map zooms to the new area. You can click the 
Back button to jump back to the previous map extent. 

3. Click the Identify Features button and click the park. 

When you click a feature with the Identify Features tool, 
the Identify Results window appears. You can inspect the 
attributes of the feature from this window. 

If the tool finds several features where you clicked, it lists 
each feature on the left side of the window. You can click 
the features in this list to view their attributes on the right 
side of the window. 

4. Close the Identify Results window. 
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Field 


Value 


FID 


27 


Shape 


Polygon 


PARKS -ID 


27 


Shape_Length 


2129.80129848085 




128445.852785263 


Name 


Iris 


Maintenance 


City 



Zoom to the map's full extent 

If you have zoomed in to the map and want to see all of it, 
you can quickly zoom out to the map's full extent. 

1 . Click the Full Extent button. 



i4 M""^ ^ 



Now you can see the full extent of the map. The map scale 
is around 1:95,000 (depending on your screen setup and the 
size of the ArcMap window), which you can see on the 
Standard toolbar. (If the map scale is not around 1:95,000 
change it by clicking in the text box, replacing the text with 
1:95:000, and pressing Enter.) 



1:96,384 



3 | i£ | £ | Iff 



At this scale, the building symbols are not visible. The 
Maximum Visible Scale property of this layer has been set 
to 1:70,000. You will change some of the properties of a 
layer later in this chapter. 
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Find a feature 



The Find button lets you search a map for features that 
match your search criteria. The area you want to map is 
around the Greenvalley City Hall, so you will find City 
Hall and zoom to it. 

1 . Click the Find button. 

T 
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When you click the Find button, the Find dialog box 
appears. You can search for features from a particular layer 
or from all layers on the map. 

2. Type "City Hall" in the Find text box. Click the In 
layers dropdown arrow and click buildings_point. Click 
In fields, then click the dropdown arrow, and click 
NAME. Click Find. 



Features | Route Locations | Addresses | 
| City Hall 



Find: 

In layers: | buildings_point 

W Find features that are similar to or contain the search string 
Search: p All fields 

<* Infields |jj 

C Each layer's primary display field 
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Find 



Stop 



New Search 



Cancel 
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City Hall appears in the list of features that the tool has 
found. 



Right-click a row to show context menu. 



| Layer 



| Field 



Value 



City Hall 



One object found. 



hi.iildings_point 



Flash feature 



Zoom to feature(s) 



Identify feature(s) 
Set Bookmark 
Select featurefs] 
Unselect featurefs) 



NAME 



3. Right-click City Hall and click Zoom to feature(s). 

The map zooms to the City Hall. As the scale is now 
greater than the 1:70,000 threshold, the building features 
appear on the map, and you can see the blue triangle 
symbol for City Hall. 

4. Click Cancel to close the Find dialog box. 

The map now shows some of the area that you need to map 
for the City Council. 

When you chose Zoom to feature(s), another option on the 
list was Set Bookmark. A spatial bookmark preserves a 
particular map extent so that you can zoom back to it 
whenever you want. 

Spatial bookmarks are saved with a map, so anyone who 
opens a map can quickly zoom to a particular bookmarked 
area. 
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Zoom to a bookmarked area 



Because you use this map to provide a context for other 
information, you have created some spatial bookmarks for 
the areas you frequently map. Downtown Greenvalley is 
one of these areas. 

1 . Click View and point to Bookmarks. 

2. Click Downtown Greenvalley. 



View insert Selection Tools Window Help 



|^ Data View 
Layout View 





Zoom Data 






Zoom Layout 






Bookmarks 


D 




Toolbars 




H 


Table Of Contents 






Status Bar 






Overflow Labels... 






Identify Results... 
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Rulers 






Guides 






Grid 




tf 1 


Data Frame Properties... 






Greenhills 

North Greenvalley 



Now the map is zoomed to the downtown area. This map 
extent and scale has been used for previous maps of 
downtown Greenvalley. The map you are making will be 
easy for the Council members to compare with the other 
maps of the downtown area. 
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ArcMap provides an excellent interface for interactively 
exploring existing maps. You can use the tools you have 
just used and others to answer questions about particular 
features, find features, and view your maps at a variety of 
scales. 

You can change the information that is displayed on maps 
by adding and removing layers and changing the way that 
layers are displayed. 

In the next part of this chapter, you will add data to your 
map and change the properties of a layer. 
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Adding a layer to a map 



Now that you have opened a map of Greenvalley and set 
the extent to downtown, it is time to make the map you 
need. The City Council wants the map to include 
downtown water use and the location and size of existing 
water mains. You will start by adding the Water Use layer 
to your map. 

1 . Position the ArcMap and ArcCatalog windows so that 
you can see both of them. 

2. Click the Water Use layer in ArcCatalog and drag it onto 
the map. You can click and drag any layer from the 
ArcCatalog tree onto an open map in ArcMap. 



! v 




J] Catalog 

C: U\rcG 1 S V\rcT utor\G etting_S tar 
1 Q-Cl Data 
1 ! li-3 Green valley DB 
; |"-@ Downtown Water 
; l—@ Green valley 


] 


iHJ D:\ 

<l 1 M 





The layer shows parcels drawn with a graduated color 
ramp. Just as the roads and buildings were drawn with 
predetermined symbols when you opened the Greenvalley 
map, this layer is drawn with a particular set of symbols. 
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A layer serves as a shortcut to data. It also tells ArcMap 
how the data should be drawn. You can store layers in a 
place that is accessible to everyone in your organization 
who needs a particular set of data; the data will be 
displayed the same way for each of them. 

As useful as layers are, sometimes they are not available. 
Fortunately, you can add raw geographic data to a map just 
as easily as you can add a layer. 



Getting Started with ArcGIS 



Adding features from a database 



When you add features directly from a coverage, shapefile, 
or database, they are all drawn with a single symbol. 

Now you will add the water main features to your map. 

1 . Position the ArcMap and ArcCatalog windows so that 
you can see both of them. 

2. Click the plus sign next to the Data folder in the Catalog 
tree to view the contents of the folder. 

3. Click the plus sign next to GreenvalleyDB. 
GreenvalleyDB is a geodatabase that contains the 
remainder of the data you will be using. The data in this 
geodatabase is organized in five feature datasets: 
Hydrology, Parks, Public Buildings, Public Utility, and 
Transportation. 

4. Click the plus sign next to Public Utility. 

5. Click watermainsarc and drag it onto your map. 





t 

- 


E 


atalog 
| C:\ 

| C:WcGISV\rcTutor\Getting_Starte 
3-Cl Data 

lEl-Q GreenvalleyDB 
ij-^ Hydrology 
Parks 

ijl-fS Public Buildings 

[j- JjjJjl Public Utility 

|-"H| parcels_polygon 
j--Q watermains_arc 
! watermains_nodes 

lil-^ Transportation 

Downtown Water 




< 
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Watermains arc is a feature class — a collection of features 
represented with the same geometry (shape). In this case, 
the features are polyline shapes that represent the pipes in 
the water distribution system. 




Geodatabases containing feature datasets and feature 
classes are how ArcGIS applications manage geographic 
information. In Chapter 3, you will learn more about these 
and other GIS data types. 
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Changing the way features are drawn 



The Council wants to know the approximate sizes of the 
water mains downtown, so you must assign some new 
symbols to the features. 

1 . Right-click watermains arc in the ArcMap table of 
contents and click Properties. 



^ Copy 
X Remove 




HH Open Attribute Table 
Joins and Relates 



£ 
£ 
£ 
£ 
£ 



Schools ; 
Fir Elemental 



<^ Zoom To Layer 
Visible Scale Range 



Selection 



Green valley H 



Label Features 

Convert Labels to Annotation... 
Laurel Middlej ^ Convert Features to Graphics.. 

□ ak Middle i 



Data 



Pine Element! - 



Save As Layer File.. 



□ watermains arc 



□ 0 street_arc 
Type 

Major Road 

— Primary Street 

— Secondary Street 



j 



> Street 
J II 



Display [Source ] 



The layer Properties dialog box appears. You can use this 
dialog box to inspect and change a wide variety of layer 
properties. 
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The water mains feature class includes several attributes of 
the water mains. As the Council wants to know the sizes of 
the water mains, you will group the mains into five classes 
based on their diameter attribute. 

2. Click the Symbology tab on the Properties dialog box. 



General | Source | Selection | Display Symbology j Fields | Definition Query | Labels | Joins & Relates | 
Show: 



Features 

Single symbol 
Categories 
Quantities 
Charts 

Multiple Attributes 



Draw all features using the s 



Import... | 



Symbol 














.-Kit:'! ;v; 



Description... 



. ... .... 



You can change the symbol scheme for the layer, as well as 
its appearance in the table of contents, from this tab. 
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3. Click Quantities. The panel changes to give you controls 
for drawing with graduated colors. 



Show: 
Features 
Categories 
Quantities - 



Graduated colors 



j- Graduated symbols 
! - Proportional symbols 
Charts 

Multiple Attributes 




Click Graduated symbols. The panel changes to give 
you controls for drawing with graduated symbols. 



Show: 



Features 
Categories 
Quantities 

Graduated 



■ 

nes 
ies 

luated colors 



; - Proportional symbols 
Charts 

Multiple Attributes 
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5. Click the Value dropdown arrow and click DIAMETER. 
ArcMap assigns the data to five classes using the 
Natural Breaks classification (Jenks' method). 

Now the width of the line symbols indicates the diameter 
of the water mains. You want the water mains to be blue, so 
you will change the base symbol. 



General | Source | Selection | Display Symbology | Fields | Definition Query | Labels | Joins 8c Relates | 

Show: I 

Draw quantities using symbol size to show relative values. Import... 



Features 
Categories 
Qui 

Graduated colors 



Proportional symbols 
Charts 

Multiple Attributes 



r- Fields 


ification 


Value: |DIAMETEF! 


Natural breaks [JenksJ 


Normalization: |<M0NE> 


□asses: |5 zl Classify... | 




Symbol | Range 


| Label 


0-3 


0-3 


3.000001 - S 


3.000001 - S 


6.000001 -8 


6.000001 - 8 


■1 8.000001 -12 


8.000001 -12 


1 12.000001 -20 


12.000001 -20 



— © 



|~~ Show class breaks using feature values 



6. Click Template. 
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When you click Template, the Symbol Selector dialog box 
appears. Here you can choose predefined symbols, such as 
the Highway line symbol, or you can design your own 
symbols. 

7. Click Color. The color selector dialog box appears. You 
can select one of the predefined colors from this palette 
or click More Colors to mix your own colors using one 
of several popular color models. 



jry: All 



Highway Highway Ramp Expressway 



Expressway Ramp Major Road Arterial Street 



Collector Street Residential Street Railroad 




Boundary, Boundary, State 
National 



d 



Properties... 



4o :: Sv :: 
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8. Choose a dark shade of blue and click OK. 



No Color 



□□□□□□□□□□□□ 
□ ■■□□□□□■■)•• 



: 



□□□□□□□□□□□ 



More Colors... 



Now all of the water mains will be drawn with dark blue 
lines, with the line width representing the diameter of the 
water main. 

9. Click OK on the Properties dialog box to see your map 
with the new line symbols. 

As you have seen, ArcMap has a rich set of line symbol 
selection and editing tools. These and other tools also work 
with point and polygon symbols. 

Once you have set the symbolization for a layer to your 
satisfaction, you can preserve it for later use by saving the 
map (later in this chapter) or by saving the layer as its own 
layer file such as the Water Use layer you added (see Using 
ArcMap for step-by-step instructions). 
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Adding labels to a map 



The map now shows some of the street centerlines and 
water mains with similar symbols. To avoid confusing a 
map reader, you will add street names on the map and 
change the street centerline symbol. 

1. Right-click streetarc in the table of contents. 

2. Click Label Features. 





Hi Copy 
A Remove 




HH Open Attribute Table 


DIAMETER 

— 0-3 

— 3.00000001 - G 

— G. 00000001 - G 

— G. 00000001 -M 
—12.0000001 -2C 


Joins and Relates ► 


<^ Zoom To Layer 

Visible Gcale Range ► 


G election y 






Type 
^ Major Road 

— Primary G treat 

— Gecondary Gtrt 
□ 0 parcels_polygon 

UGE CLASS 

□ o 


Convert Labels to Annotation... 
^ Convert Features to Graphics... 


Data y 


Gave As Layer File... 


rjfj 1 Properties... 




Display | Source j 



ArcMap adds the names of the streets to the map. 
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Change the street centerline symbol 

1 . Right-click street arc in the table of contents again and 
click Properties. 

2. Click the Symbology tab. 

3. Click Features, then click Single symbol. 



Show: 



□urce | Selection | Display ! = 



Features 



Categories 
Quantities 
Charts 

Multiple Attributes 



Draw all features usirjg the same symbol. 

-Symbol 



Fields | Definition Query | La : ! elates j 

Import... 



b 




Label appearing next to the symbol in table of contents: [~ 



□ K Cancel Apply 



The street centerlines will now be drawn with a single 
symbol. You will change the default line color to a light 
gray, so the centerlines will be visible but unobtrusive. 

4. Click the Symbol button. 
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The Symbol Selector appears. 



Category: | All 
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Highway Highway Ramp Expressway 



Expressway Ramp Major Road Arterial Street 



Options — 
Color: 



Width: 



Collector Street Residential Street Railroad 



Boundary, Boundary, State 
National 



Properties... 



5. Click Color. Click a light gray and Click OK. 



No Color 



More Colors... 
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6. Click OK on the Properties dialog box. 

Now the centerlines will be drawn in a light gray, so they 
will not be confused with the water mains. 



^ Pine Elementary 

□ 0 watermains_arc 
DIAMETER 

— 0-3 

— 3.000001 - G 

— G. 000001 - G 

— G. 000001 -12 
—12.000001 -20 



□ 



□ street arc 



□ 0 parcels_polygon 
USE_CLASS 
□ 0 



I IT J 

Display Source | 
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Working with the map layout 



All of the data you need is now on the map and has 
symbols. The map that you are making for the Council 
meeting will be printed in color on an 8.5" x 11" sheet of 
paper and distributed to each council member. 

1 . Click View and click Layout View. 
I View insert Selection Tools Window Help 





Data View 






Layout View 






Zoom Data 






Zoom Layout 






Bookmarks 





Now you can see the map on a virtual page. The layers of 
data appear in a data frame on the page. Data frames are a 
way of organizing the layers you want to see together on a 
map. 




Data frame 



Page 



There is always at least one data frame on a map. This one 
is called Layers; you can see its name at the top of the 
ArcMap table of contents. 



E ^ Layers 

E 0 buildings_point 

Administrative 
A City Hall 
Other 




Post Office 
Public Library 
Public Stage 
Public Safety 
Fire Station 

Green valley Hospital || 

You can add additional data frames to a map to compare 
two areas side by side or to show overviews or detailed 
insets. 

You can see all of the data frames on your map in Layout 
view. If you switch back to Data view, you will see the 
layers that are in the active data frame. The active data 
frame is shown in boldface type in the table of contents. 

In Layout view you can change the shape and position of 
the data frame on the page, add other map elements such as 
scale bars and legends to the map, and change the page size 
and orientation. 

The Layout toolbar is added to the ArcMap interface when 
you choose Layout View. 
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You can use the tools on the Layout toolbar to change the 
size and position of the virtual page on your screen or to 
zoom in or out of the virtual page. 



layout 




l§ © 




mm 



You can also use tools from the Tools toolbar in Layout 
View to change the extent of the layers that are shown in 
the data frame. 



Tools 


H 






(Mi ^ 



2. Right-click on the page and choose Page Setup. 







S E \Eh Change Layout... 



; l^] Copy Map To Clipboard 
I 03 Paste Ctrl+V 
' Select All Elements 



|Li «jj 



_ 



Rulers 




Guides 




- Grid 




™ Margins 




Options... 
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3. Click Landscape under Map Size and under Printer 
Setup to change the page orientation then click OK. 



Map Size 

V Same as Printer 
Standard Page Sizes: 
| Custom 



Width: \ 11 1| Inches 

Height: | 8.5|| 

Page Orientation: 
C Portrait t* Land 




■Printer Setup- 
Name: 

|V\OMNI\bunyan 

Printer Page Size: 
| Letter 

Page Orientation: 
C Portrait 
Printer Engine: 
| Windows Prin ter 



~3 



■Map Setup 

Output Image Quality: 
Fast Normal 



17 Scale map elements proportionally 
to changes in page size 

W Show printer margins on Layout 



OK Cancel 



Now the page is in landscape orientation. 
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You will add a scale bar, North arrow, legend, and title to 
the page to help the Council members use the map. 

First, you will make some space on the page for these other 
map elements by reducing the size of the data frame. 

4. Click the Select Elements button. 



5. Click the data frame to select it. The data frame is now 
outlined with a dashed line and has selection handles at 
its corners and edges. 
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6. Point to the selection handle at the lower-right corner of 
the data frame. The cursor becomes a two-pointed resize 
cursor. Click the corner and drag it up and to the left. 




• I □ i e jj 



Add a scale bar 

1. On the Insert menu click Scale Bar. 



J 



Insert Selection Tools 
^ Data Frame 
EH Title 
A Tent 

Neatline... 

j^] Legend... 

|S| North Arrow... 

[■=»] Scale Tent... 
^ Picture... 
Object... 
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The Scalebar Selector dialog box appears. 
2. Click one of the scale bars and click OK. 



1 Scale Bar Selector 








0 50 100 200 Miles 


±_ 








Scale Line 1 










0 50 100 200 Mies 










Scale Line 2 
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Scale Line 3 






I I I I I I I iMIes 
0 50 100 200 300 400 






Stepped Scale Line 






0 50 100 200 300 400 

^ hffle <: 






Alternating Scale Bar 1 






— — ^^^—h.f ^ * 




Properties... 


0 50 100 200 300 400 
Alternating Scale Bar 2 




More Styles T | 






100 




Save... | Reset 


1 IMIes 




| OK Cancel | 



3. Click the scale bar and drag it to the empty space below 
the left side of the data frame. 
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Add a North arrow 

1 . On the Insert menu click North Arrow. 



insert Selection Tools 
! ^ Data Frame 
I ra Title 
jA Tent 
i Neatline... 
| j^] Legend... 

| i= Scale Bar... 
;[■=»] Scale Text... 
0 Picture... 
Object... 

The North Arrow Selector appears. 

2. Click one of the North arrows and click OK. 




ESRI North 1 ESRI North 2 
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3. Click the North arrow and drag it to the empty space 
below the data frame and to the right of the scale bar. 




Add a legend 

1. On the Insert menu click Legend. 



insert Selection lools 
^ Data Frame 
^ Title 
A Text 

Neatline... 

|$| North Arrow... 
1= Scale Bar... 
s=»] Scale Tent... 
^ Picture... 
Object... 
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The Legend Wizard appears. 




Changing Legend Wizard parameters alters the appearance 
of the legend on your map. The Legend Wizard takes you 
through five dialog boxes that allow you to change the 
layers included in your legend, the appearance of the 
legend title, the appearance of the legend frame, the size 
and shape of the symbol patches used to represent line and 
polygon features, and the spacing between legend items. 

In this case, the default legend parameters are appropriate 
for your map. However, legend parameters can be modified 
at any time by right-clicking the legend in the layout view 
and choosing Properties from the menu that appears. 

2. Click Next several times to step through the wizard, 
accepting the default legend parameters. Click Finish 
when done. 
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The legend appears on your map. 

3. Click the legend and drag it to the empty space to the 
right of the data frame. 




You can click on the blue selection handles to resize the 
legend so that it fits along the right side of the page. 

Add a title 

1. On the Insert menu click Title. 

insert Selection Tools 
! ^ Data Frame 

frrru] ^^j^H 

|A Tent 

I [g] Neatline... 

j j^] Legend... 

! [£] North Arrow... 

! 1= Scale Bar... 

![■=»] Scale Tent... 

Uj] Picture... 
Object... 
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A partial title, "Greenvalley", appears in the layout view. 




J 



*| □ | 3 jj 



J 



Greenvalley is the name of the map document, but you will 
need a more explanatory title on the map. 

2. Type "Downtown Greenvalley Water Mains and Water 
Use". Press Enter, then click and drag the title to the top 
and center it on the page. 
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Saving a map 



You have made a lot of changes to this map. Because you 
want to keep the new map that you have created and also 
keep the old template map, you will use Save As to save 
this map under a new name. 

1. Click File and click Save As. 



File Edit View Insert Selection Tools Window Help 


□ New... Ctrl+N 
\S Open... Ctrl+0 




H Save Ctrl+S 


| Save As... 


Add Data... 
^ Add Data from Geography Network... 


[j| Page Setup... 
[2t Print Preview... 
& Print... 


Map Properties... 


Import from ArcView project... 
Ewport Map... 


Exit Alt+F4 
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2. Navigate to the Greenvalley folder. 

3. Type "Downtown Water". Click Save. 



Save in: |£j ^reenvalley 



EJ aim [SMI 



Hi Data 

Greenvalley 



File name: [D owntown Water 


Save 


Save as type: | ArcMap Documents (".mud) jj 


Cancel 







Now you are ready to print a copy of this map for the City 
Council. 
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Printing a map 



You can easily print the maps you have composed in 
ArcMap. The Layout view lets you arrange map elements, 
such as data frames, scale bars, and North arrows, on the 
page exactly as you want them to print. 

You can print your maps using any printer on your 
network, and you can choose to print using Windows, 
PostScript®, or ArcPress™ (if installed) printer engines. 

1. Click File and click Print. 



File Edit View insert Selection Tools Window Help 
D New... Ctrl+N 
\3 Open... Ctrl+0 



Q Save 
Save As.. 



Ctrl+S 



Add Data... 
^ Add Data from Geography Network.. 



jj Page Setup... 
Print Preview... 



Map Properties.. 



Import from ArcView project.. 

Export Map... 

Exit 



Alt+F4 
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The Print dialog box appears. You can change the default 
printer by clicking Setup. 



-Printer — 

Name: \\OMNI\bunyan 

Status: Ready 

Type: HP LaserJ et 4V/4M V PostS cript 

Where: 46. 1.1. 34: RAW 

Comment: M3 South 



V Print to |ile 



-Map Larger than Printer Paper- 
ed Tile map to printer paper 

r ah 

C Pages from: |l to: |^ 

C Scale map to fit printer paper 

C Proceed with printing, some clipping 
may occur 



Printer Engine - 



Windows Printer 

Properties... 



Copies- 



Number of copies: Jl~ 



OK 



Cancel 



2. Click OK. 

You are ready to take the map to the Council meeting. 
Close ArcMap and ArcCatalog. 

3 . Click File and click Exit, or simply click the Close 
button (x) in the upper-right corner of the ArcMap 
window. Do the same for ArcCatalog. 
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What's next? 



While making your first map, you learned how to start and 
use two GIS applications: ArcCatalog and ArcMap. 

In the next chapter you will learn more about GIS data and 
how to work with various data types. Working in the field 
of GIS analysis inevitably means working with geographic 
data in a variety of different formats. Understanding the 
advantages and limitations of each format is an important 
first step in any project and is essential to the project you 
will begin in Chapter 4, 'Planning a GIS project'. 
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Exploring GIS data 



r 
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IN THIS CHAPTER 

• Geographic data models 

• Coverages 

• Shapefiles 

• Geodatabases 



In Chapter 2, 'Exploring ArcCatalog and ArcMap', you worked with a map 
and layers. The layers on a map are based on GIS data. When you added the 
water mains to the map, you added data from a feature class stored in a 
geodatabase. Other formats for GIS data include shapefiles, coverages, and 
rasters. GIS data formats vary, but they all store spatial and attribute 
information. 

Much data has a spatial component that may not be immediately apparent. 
For example, customer databases often include addresses. With a suitable 
street dataset, these addresses can be plotted as points or geocoded. 
Similarly, tables of sales figures can be linked by a query statement to a 
feature class of sales territories and displayed on a map. 

It is useful to understand the different GIS data types and database models 
when you are conducting an analysis project. This chapter contains a brief 
introduction to common types of GIS data and database models. 
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Geographic data models 

ArcGIS stores and manages geographic data in a number of 
formats. The three basic data models that ArcGIS uses are 
vector, raster, and TIN. You can also import tabular data 
into a GIS. 

Vector models 

One way of representing geographic phenomena is with 
points, lines, and polygons. This kind of representation of 
the world is generically called a vector data model. Vector 
models are particularly useful for representing and storing 
discrete features such as buildings, pipes, or parcel 
boundaries. 




1 V ' "lb" ^T? '20 ' 25 

V 
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Coordinates are most often pairs (x,y) or triplets (x,y,z, 
where z represents a value such as elevation). 

The coordinate values depend on the geographic coordinate 
system the data is stored in. Coordinate systems are 
discussed in more detail in Chapter 6, 'Preparing data for 
analysis'. 

ArcGIS stores vector data in feature classes and collections 
of topologically related feature classes. The attributes 
associated with the features are stored in data tables. 




TRACT 


POP1990 


AREA 


PERIMETER 


□ 056 


3433 


5205890 


9508.022 


0057 


1775 


17330714 


17017.602 


001102 


1331 


13391034 


15832.158 


001202 


3245 


10129278 


12933.502 


001302 


2839 


8228478 


11483.998 



ArcGIS uses three different implementations of the vector 
model to represent feature data: coverages, shapefiles, and 
geodatabases. 
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Raster models 



In a raster model, the world is represented as a surface that 
is divided into a regular grid of cells. 




The x,y coordinates of at least one corner of the raster are 
known, so it can be located in geographic space. 




(11,3) 

K _J 1 ■ ■ I ■ I ■ ■ I h-H 1 ■ ■ I ■»» 
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y 

Raster models are useful for storing and analyzing data that 
is continuous across an area. Each cell contains a value that 
can represent membership in a class or category, a 
measurement, or an interpreted value. 

Raster data includes images and grids. Images, such as an 
aerial photograph, a satellite image, or a scanned map, are 
often used for generating GIS data. 
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Grids represent derived data and are often used for analysis 
and modeling. They can be created from sample points, 
such as for a surface of chemical concentrations in the soil, 
or based on classification of an image, such as for a land 
cover grid. Grids can also be created by converting vector 
data. 




Grids can store continuous values, such as for an elevation 
surface. 
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They can also store categories, such as for a grid of 
vegetation types. 




Grids storing categorical information can store additional 
attributes about each category. For example, a grid of 
vegetation types might store — for each category — a 
numeric code, the name of the vegetation type, a habitat 
suitability rating for certain wildlife species, and a general 
type code. This is unlike feature data, where attributes are 
stored for each individual feature. 



Value 


Count 


Name 


Suitability 


Type 


2 


30672 


Cropland and pastureland 


A 


Aqri culture 


3 


3339 


Urban and industrial 


5 


Urban 


10 


212 


Clearinqs and brushfields 


5 


Cleared 


21 


1383 


Cottonwood 


A 


Riparian 


463 


142 


Ash-Cottonwood 


3 


dland 


A?B 


7205 


Oak 


3 


Woodland 


505 


1112 


Douqlas fir 


2 


Forest 


510 


6557 


Mixed eve rq re en-broad leaf 


3 


Forest 


512 


7943 


Douqlas fir-Hern lock-Cedar 


1 


Forest 



The smaller the cell size for the raster layer, the higher the 
resolution and the more detailed the map. However, 
because the cells form a regular grid over the whole 
surface, decreasing the cell size to store higher resolution 
data substantially increases the total volume of data that 
must be stored. 
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ArcGIS can recognize and use rasters from image files in 
many different file types and from grids stored in 
workspaces. You can add raster datasets to a map just as 
you would features, and you can inspect and organize them 
with ArcCatalog. 

TIN models 

In a triangulated irregular network model, the world is 
represented as a network of linked triangles drawn between 
irregularly spaced points with x, y, and z values. TINs are 
an efficient way to store and analyze surfaces. 




Heterogeneous surfaces that vary sharply in some areas and 
less in others can be modeled more accurately, in a given 
volume of data, with a triangulated surface than with a 
raster. That is because many points can be placed where the 
surface is highly variable, and fewer points can be placed 
where the surface is less variable. ArcGIS stores 
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triangulated surfaces as TIN datasets. As with rasters, you 
can add TIN datasets to a map in ArcMap and manage them 
with ArcCatalog. 

For more information about raster data and TINs, see 

Modeling Our World: The ESRI Guide to Geodatabase 
Design. 

Tabular data 

You can think of a GIS as a database that understands 
geometry. Like other databases, ArcGIS lets you link tables 
of data together. Just about any table of data can be joined 
to an existing feature class or raster dataset if they share an 
attribute. For example, you may have a shapefile of census 
tracts with a tract number field and a tabular file of 
additional census data also containing a tract number field. 
You can link the census data to the shapefile's attribute 
table and map the additional data. 




people per household 
I I 1.3-1.6 
I I 1.6-2 
| | 2.0-2.4 
^| 2.4-2.8 
2.8-3.9 



TRACT 


PER HOUSE 


0056 


1.4 


0057 


1.5 


001102 


2.1 


001202 


2.2 


001302 


2.4 



PERIMETER 
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Geolocating is another means of getting tabular data on a 
map. Perhaps the simplest example of geolocating is 
plotting points based on tables of geographic coordinates. 
For example, you can plot the locations of soil samples 
based on latitude-longitude values obtained from a global 
positioning system (GPS) receiver. You can also plot points 
by geolocating tables of addresses on an existing street 
network. This is often called address geocoding. 




IDENTIFIER 


DISTRICT 


ADDRESS 


80381 60S 


7 


220 FRANKLIN AV 


80471515 


7 


1445 FORD ST 


80851335 


7 


1403 GARDEN ST 


80651646 


7 


1 51 6 MYRA ST 


80661023 


7 


144 HILTON AV 


80661500 


7 


1403 GARDEN ST 


80401414 


7 


1361 RHONDA LN 


80401710 


7 


47 SHERRIL LN 



49 



Formats of feature data 



ArcGIS supports both file-based feature models and 
database management system (DBMS) feature models. 

The two file-based models are coverages and shapefiles. 
Coverages and shapefiles employ a georelational data 
model. They store the vector data for the features in binary 
files and use unique identifiers to link features to attributes 
stored in feature attribute tables in other files. 

The DBMS feature model supported by ArcGIS is the 
geodatabase data model. In this model, features are stored 
as rows in a relational database table. The rows in the table 
contain both the coordinates and the attribute information 
for the features. 

Coverages 

Coverages are the traditional format for complex 
geoprocessing, building high-quality geographic datasets, 
and sophisticated spatial analysis. 

Coverages contain primary, composite, and secondary 
feature types. The primary features in coverages are label 
points, arcs, and polygons. The composite features — routes/ 
sections and regions — are built from these primary feature 
types. 

Coverages may also contain secondary features: tics, links, 
and annotation. Tics and links do not represent geographic 
objects but are used to manage coverages. Annotation is 
used to provide text about geographic features on maps. 
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Primary features in coverages 



Label points can represent individual point features, for 
example, wells. In the diagram below, the point in the 
upper left represents well number 57. 
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Label points also link attributes to polygons. Each polygon 
in a coverage has a single label point with its feature ID 
number, usually located near the polygon's center. The 
diagram below shows the label points of polygons 102 and 
103. 



102 




• 
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• 
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Arcs are connected sets of line segments, with nodes at the 
endpoints. A single arc can stand alone such as a fault line 
on a geologic map; several arcs can be organized into line 
networks such as stream or utility networks. 




Arcs can also be organized into polygons that represent 
areas such as soil types. 



+ / 


+ 


+ 






/ + 
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Nodes are the endpoints of and connections between arcs. 
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Nodes can have attributes, so they can represent point 
features in a network such as valves in a network of water 
mains. 

Nodes are important for tracking how features in coverages 
are connected to each other; this is called topology. You'll 
learn more about coverage topology later in this section. 

Polygons represent areas. They are bounded by arcs, 
including arcs that define island polygons. Polygons in a 
coverage may share arcs such as B and C below, but they 
do not overlap. Each point in an area falls within exactly 
one polygon so, for example, a point within polygon A is 
outside of polygon B. 
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Composite features in coverages 



Routes and sections are linear features that are composed 
of arcs and parts of arcs. Routes define paths along an 
existing linear network such as the route from a house to an 
airport along a street network. 

Because points of interest on a network are not always at 
nodes, sections identify partial arcs. They record how far 
along a given arc a route begins or ends. 




- 



Regions are area features that are composed of polygons. 
Unlike polygons, regions can be discontinuous. For 
example, the mainland and an island can be mapped as two 
polygons, but they can belong to the same region. 




In the diagram above, polygons A and D belong to 
region Rl. 
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Regions in a coverage can also overlap. For example, in a 
coverage of forest polygons, two regions that represent 
different forest fires could overlap if an area that burned in 
one year also burned in another. 













C<if 


b R1 


C R2 


C R3 \v 



In the diagram above, region R2 and region R3 share 
polygon C. 

Secondary features in coverages 

Annotation features are text strings that describe a feature 
when a map is displayed or printed. Annotation can be 
positioned at a point, between two points, or along a series 
of points. Annotation is used to make maps easier to read 
and understand. 
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Annotation is stored in geographic coordinates, so it 
maintains its position and scale relative to the other 
coverage features when displayed. 

Tics are geographic control points. They represent known 
locations on the ground and are used to register and 
transform the coordinates of a coverage. 



ffl 













Tics allow features digitized from a paper map to be 
accurately transformed from digitizer units such as 
centimeters or inches to real-world units such as kilometers 
or miles. It is a good practice to use the same tic locations 
when you digitize sets of features from a map into different 
coverages so they will overlay correctly. 




EH ^ffi 



Exploring gis data 



Links are displacement vectors that are used to adjust the 
shape of coverages, for example, to match the edges of 
adjacent coverages. Links consist of a from-point and a to- 
point. 



Coverage topology 

Topology is the procedure for explicitly defining and using 
the spatial relationships inherent in feature geometry. The 
three major topological relationships that coverages 
maintain are connectivity, area definition, and contiguity. 

Coverages implement topology and explicitly record these 
spatial relationships in special files. Storing connectivity 
makes coverages useful for modeling and tracing flows in 
linear networks. Storing information about area definition 
and contiguity makes it possible to find or merge adjacent 
polygons and to combine geographic features from 
different coverages with overlay operations. 

Coverages store connectivity by recording the nodes that 
mark the endpoints of arcs. Arcs that share a node are 
connected. This is called arc-node topology. Each arc is a 
connected set of vertices with a from-node and a to-node. 
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The illustration below shows three arcs labeled 1, 2, and 3. 
Arc 1 starts from node 10 and goes to node 20. Its shape is 
defined by vertices a, b, c, and d. Arc 2 is connected to 
arc 1 at nodes 10 and 20. 









(2 
1 










) 8 





Shared Node 
Arc 

Vertex 



Coverages define areas by keeping a list of connected arcs 
that form the boundaries of each polygon. This is called 
polygon-arc topology. 

In this illustration polygon A is defined by arcs 1 and 2. 







\ a 




\ A 4 


B \— 



-Polygon 
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Coverages store contiguity by keeping a list of the 
polygons on the left and right side of each arc. This is 
called left-right topology. Polygons that share an arc are 
contiguous. In this illustration polygons A and B are 
contiguous because A is to the left of arc 2 and B is to the 



right. 










\ (D/ y 
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Storage of coverages 



Coverages are stored in workspaces. A workspace is a 
folder in the file system. The workspace folder contains a 
folder named info and folders named for each coverage in 
the workspace. 

Fl-T~l a_workspace 

G a_coverage Workspace in the file system 
i-CJ bLCOverage 
LQ info 

Here, the workspace is called a workspace, and the 
coverages are called a coverage and b coverage. 

A coverage folder contains a set of files that store 
information about the features in the coverage (coordinates, 
topology, and so on). The attributes of coverage features 
are stored in feature attribute tables that are managed by an 
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INFO™ database. The info folder contains INFO data files 
and table definitions for each coverage. 

In ArcCatalog, you see a coverage workspace as a GIS data 
folder. You can identify the geometry of a coverage (point, 
line, polygon, and so on) by its icon. You can also see the 
feature classes within a coverage. 



[±]--Qi CA 
[±]-{J DA 
B-{^ EA 

□ 



a_workspace 
1 a_coverage 
■■Q arc 
■■{V) label 

polygon 
■ O tic 
■■■ l j?p b_coverage 
: -Q arc 
■O ^ 
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Workspace in ArcCatalog 



Here, you can see that a workspace contains two 
coverages: acoverage and bcoverage. The acoverage 
contains an arc feature class and a tic feature class. This 
coverage has polygon topology, so it contains a polygon 
feature class and a label feature class as well. The dataset 
b coverage is a line coverage, so it just contains arc and tic 
feature classes. 

You may also see additional data tables in a coverage 
workspace if there are other tables stored in the INFO 
database, such as linked data tables or symbol lookup 
tables. 
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Shapefiles 



Shapefiles are useful for mapmaking and some kinds of 
analysis. A great deal of geographic data is available in 
shapefile format. 

Shapefiles are simpler than coverages because they do not 
store full topological associations among different features 
and feature classes. Each shapefile stores features 
belonging to a single feature class. 

Features in shapefiles 

Shapefiles have two types of point features: points and 
multipoints. They have line features that can be simple 
lines or multipart polylines. They also have area features 
that are simple or multipart areas called polygons. 

Point shapes are simply single-point features such as wells 
or monuments. Here, well number 57 is selected. 
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Multipoint shapes are collections of points that all 
represent one feature. A group of small islands could be 
represented as a single multipoint shape. Here, multipoint 
feature 22 is selected. 




Line shapes can be simple continuous lines such as a fault 
line on a map. They can also be polylines that branch such 
as a river. Line shapes can also have discontinuous parts. 
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Polygon shapes can be simple areas such as a single island. 
They can also be multipart areas such as several islands 
that constitute a single state. 




Polygon shapes can overlap, but the shapefile does not 
store topological relationships between them. The market 
areas of two stores could be represented as overlapping 
polygon shapes. 

Storage of shapefiles 

Shapefiles are stored in folders. A shapefile consists of a 
set of files of vector data in the shapefile and a dBASE® 
.dbf file containing the attributes of the features. Each 
constituent file shares the shapefile name. 



shapefile 



Q! 

5) ajineshapefile.dbf 
a] ajineshapefile.shp- 
5] ajineshapefile.shw 



_Folder with a shapefile 
in the file system 

_Constituent files of a line 
shapefile 
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A shapefile contains shapes of only one geometry: point, 
multipoint, line, or polygon. 

When you look at a folder of shapefiles in ArcCatalog, you 
see the shapefiles as standalone feature classes. 




Folder in ArcCatalog 
Shapefiles in ArcCatalog 



Geodatabases 

Geodatabases implement an object-based GIS data 
model — the geodatabase data model. A geodatabase stores 
each feature as a row in a table. The vector shape of the 
feature is stored in the table's shape field, with the feature 
attributes in other fields. Each table stores a feature class. 

In addition to features, geodatabases can also store rasters, 
data tables, and references to other tables. Geodatabases 
are repositories that can hold all of your spatial data in one 
location. They are like adding coverages, shapefiles, and 
rasters into a DBMS. However, they also add important 
new capabilities over file-based data models. 

Some advantages of a geodatabase are that features in 
geodatabases can have built-in behavior; geodatabase 
features are completely stored in a single database; and 
large geodatabase feature classes can be stored seamlessly, 
not tiled. 
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In addition to generic features, such as points, lines, and 
areas, you can create custom features such as transformers, 
pipes, and parcels. Custom features can have special 
behavior to better represent real -world objects. You can use 
this behavior to support sophisticated modeling of 
networks, data entry error prevention, custom rendering of 
features, and custom forms for inspecting or entering 
attributes of features. 

Features in geodatabases 

Because you can create your own custom objects, the 
number of potential feature classes is unlimited. The basic 
geometries (shapes) for geodatabase feature classes are 
points, multipoints, network junctions, lines, network 
edges, and polygons. You can also create features with new 
geometries. 

All point, line, and polygon feature classes can 

• Be multipart (for example, like multipoint shapes or 
regions in a coverage). 

• Have x,y; x,y,z; or x,y,z,m coordinates (m-coordinates 
store distance measurement values such as the distance 
to each milepost along a highway). 

• Be stored as continuous layers instead of tiled. 
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Point and multipoint geodatabase features are similar to the 
corresponding feature types in shapefiles. 
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Generic point features could, for example, represent 
building locations in a city. 

Custom point features could also represent buildings, but 
they might include an interface that would list the owner, 
area, and assessed value of the building or display a 
photograph or schematic of the building. 

Network junction features are points that play a topological 
role in a network, somewhat like nodes in a coverage. 
There are simple and complex network junction features. 

A simple junction feature might be used to represent a 
fitting that connects two pipes. It could have validation 
behavior that would ensure that connected pipes are of the 
correct diameter and materials. 
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A complex junction feature plays a more complex role in a 
network. It can contain internal parts that play a logical and 
topological role in the larger network. 

For example, a complex junction feature could be used to 
represent a switch in an electric power network. In one 
position the switch could connect point A to point B, while 
in another position it could connect point A to point C. 




The switch might have editing validation rules that would 
control the types of power lines that could be connected to 
it. It could also have custom behavior that would draw the 
switch with different symbols depending on its state (open 
or closed, for example). 

Line features are lines built from three kinds of segments: 
line segments, circular arcs, and Bezier splines. A single 
line could be built from all three parts, as in the illustration 
on the right, below. 
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Lines can be used to represent linear geographic features 
such as roads or contour lines. Line features can have 
custom drawing behavior that generalizes the line 
depending on the map scale or that controls the placement 
of annotation along the line. 

Network edge features are lines that play a topological role 
in a network. They can be used for tracing and flow 
analysis. 

Here, the network between A and B has been traced. The 
network contains simple and complex network edge 
features. 




A simple edge feature is a linear network feature that 
connects to junction features at its endpoints. In this 
respect, simple edge features are similar to arcs, which 
have nodes at their endpoints. A simple edge feature could 
be used to represent a pipe in a water network. 
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Simple edge features can have connectivity rules; for 
instance, a 10-cm pipe must connect to a 10-cm fitting. 
They can also have special class methods, so a pipe feature 
could calculate the pressure drop of a liquid flowing from 
one end to another based on the pipe diameter, roughness, 
and length. They can have special query, editing, and data 
entry interfaces. 

A complex edge feature is a linear network feature that can 
support one or more junctions along its length, yet remain a 
single feature. In the example below, the line from A to B is 
a single complex edge feature. 




A power line could be represented as a complex edge 
feature. It could have junction features at its ends and 
additional junctions where other lines attach to it along its 
length. Like simple edge features, complex edge features 
can have special class methods and interfaces. 
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Polygon features represent areas. Their boundaries can be 
composed of line, circular arc, and Bezier spline 
segments — the same geometries used to create line 
features. They can be simple closed shapes, or they can 
have discontinuous parts. Polygon features can also have 
nested islands and lakes. 




You can use polygon features to represent geographic 
features such as buildings, census blocks, or forest stands. 
As with other geodatabase features, polygon features can 
have customized behavior and interfaces. A custom 
building polygon could be drawn as a plan view at one 
scale, as a generalized building footprint at another, and 
with a point symbol at another. It could also have a custom 
interface for editing and viewing its attributes. 

You can create your own custom geodatabases from 
scratch, or you can modify elements of an existing 
geodatabase. For more information about designing 
geodatabases and creating custom features, see Modeling 
Our World: The ESRI Guide to Geodatabase Design and 
Building a Geodatabase. 
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Topology in a geodatabase 



Topology in a geodatabase allows you to represent shared 
geometry between features within a features class and 
between different feature classes. You can organize the 
features in a geodatabase to create planar topologies or 
geometric networks. 

Feature classes can share geometry with other feature 
classes in a planar topology. For example, you might define 
a topological relationship between streets, blocks, block 
groups, and census tracts. The street segments define the 
boundary of the block they enclose. Groups of blocks can 
be collected into block groups, and block groups into tracts. 

A planar topology is composed of a set of nodes, edges, 
and faces. When you update the boundary of one feature, 
the shared boundaries are updated as well. 



input features 
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Topologically related edge and junction features within a 
dataset can be bound into a geometric network. This is 
useful when the features must be connected to each other 
with no gaps. For example, you could organize pipes, 
valves, pumps, and feeders into a water network. 




Storage of geodatabase features 

Geodatabase features reside in geodatabases. A multiuser, 
versioned geodatabase can be implemented using ArcSDE 
software in any of the leading commercial all-relational 
databases. Single-user (or personal) geodatabases are 
implemented in a Microsoft Access .mdb file. 



t^SfilB Folder with geodatabase in the file system 

[a] Geodatabase. Idb 



-Database files 
1*1 Geodatabase 



You access the database through ArcGIS applications 
including ArcMap and ArcCatalog. 

Geodatabase feature classes each contain one geometric 
feature type. Related feature classes can be organized into 
feature datasets. Feature datasets are useful for organizing 
feature classes with a shared topology. They can also be 
used to organize feature classes thematically. For example, 
you might have three feature classes in a waterbodies 
feature dataset: points, representing ponds; lines, 
representing rivers; and polygons, representing lakes. 
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When you look at a geodatabase in ArcCatalog, you see the 
database tables as collections of feature datasets and 
feature classes, or simply as standalone feature classes. 



^ Catalog 

D:\ 

Folder 

El-3 Geodatabase 

S-JJ? Feature Dataset 

! -IF] a_featureclass_point 
\=\-^ Feature Dataset(2) 

P-rl a_featureclass_line 
£3 a_featureclass_node 
Ie5] a_f eatureclass_poly gon 



Geodatabase feature classes are stored with spatial indexes, 
so you can work efficiently with small areas of very large 
seamless databases. This eliminates the need to divide 
large, complex datasets into separate tiles. 

Getting more information 

There are many facets to each vector data format and many 
issues to consider when choosing one over another within a 
specific database design. For a full discussion of these 
issues, see Modeling Our World: The ESRI Guide to 
Geodatabase Design and Building a Geodatabase. 
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IN THIS CHAPTER 

• What is GIS analysis? 

• The steps in a GIS project 

• Planning your project 



Beginning with this chapter and through the rest of the book, you will 
conduct a sample GIS analysis project. The tasks you perform will help you 
learn the methods for performing your own GIS projects. You'll learn about 
several specific GIS analysis techniques and, perhaps more importantly, 
you'll learn how to plan and carry out a GIS project. 

This chapter provides an overview of GIS analysis and presents the steps 
involved in conducting a GIS project. It then walks you through the first 
step — planning the project. 

The scenario for the project involves finding the best site for a new 
wastewater treatment plant for the fictitious City of Greenvalley. To find a 
suitable site you will need to know the site selection criteria. You'll then 
need to identify the data needed to address these criteria and use the data to 
find suitable sites for the plant. These are fundamental elements of a GIS 
analysis project. 
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What is GIS analysis? 



The phrase "GIS analysis" encompasses a wide variety of 
operations that you can do with a geographic information 
system. These range from simple display of features to 
complex, multistep analytical models. 

Showing the geographic distribution of data 

Perhaps the simplest form of GIS analysis is presenting the 
geographic distribution of data. This is conceptually the 
same as sticking pins in a wall map, a simple but powerful 
method of detecting patterns. 




Here, the map is the analysis. A police department might 
analyze burglary patterns by plotting the addresses of 
reported break-ins. The department could make the map 
more informative by displaying the incidents with different 
symbols to show the time of day, method of entry, or types 
of valuables reported stolen. 
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Querying GIS data 



Another type of GIS analysis is querying, or selecting from, 
the database. Queries let you identify and focus on a 
specific set of features. There are two types of GIS queries, 
attribute and location queries. 

Attribute queries, also called aspatial queries, find features 
based on their attributes. The police department mentioned 
above could use an attribute query of their database to 
obtain a table of crimes that fall into a particular category. 




Record: _hJjJP 1 _^J_hJ 0 out of K 2048 Selected. 



Here are the results from a query on the CRIM CAT field, 
showing records where the value in the field is 9. The map 
shows the results of the query. 
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Location queries, also called spatial queries, find features 
based on where they are. The police department could use a 
location query of the database to find crimes that occurred 
within a given area. 
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One way to do a location query is by drawing a rectangle 
on the map. Here, the police department has selected only 
those crimes that occurred within the rectangle. These 
crimes could be studied together to determine if any of 
them are related. 

The police department could also do more complex spatial 
queries using polygon features, such as census tracts, 
selected from another layer. One of the most useful features 
of a GIS is that you can see the results of both spatial and 
aspatial queries on the map. 
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Identifying what is nearby 



A third type of GIS analysis is finding what is near a 
feature. One way to find what is near a feature is by 
creating a buffer around the feature. 

A city planning commission could identify the area within 
1,000 meters of a proposed airport by buffering the airport 
feature. The buffer could be used with other layers of data 
to show which schools or hospitals would be near the new 
airport. 
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A powerful function of GIS analysis is that the output of 
one procedure can be used in another. Here, the buffer 
around the airport is used in a location query. Two schools 
and a hospital that are within the buffer have been selected. 
The school that is outside of the buffer was not selected. 
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Overlaying different layers 

A fourth type of GIS analysis is overlaying different layers 
of features. You can create new information when you 
overlay one set of features with another. There are several 
types of overlay operations, but all involve joining two 
existing sets of features into a single new set of features. 

For example, a farmer wants to find how much land can be 
planted with a new crop. The crop can't be planted on 
hillsides and needs soils that are highly permeable. 

The farmer combines, in a union overlay, two existing 
layers of data about the farm: polygons of the ground 
surface classified by slope and polygons of soil 
permeability. The farmer can now select the new polygons 
that have low slopes and high permeability. 



Slope 



Permeability 



Slope and 
permeability 
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There are several different spatial overlay and spatial 
manipulation operations that you can use on layers 
including union, intersect, merge, dissolve, and clip. 

Doing a complex analysis 

You can combine all of these techniques and many others 
in a complex GIS analysis. With a GIS you can create 
detailed models of the world to solve complicated 
problems. Because a GIS can perform these operations 
rapidly, it is possible to repeat an analysis using slightly 
different parameters each time and compare the results. 
This can allow you to refine your analysis techniques. 

This section has provided a brief overview of some of the 
common types of GIS analysis. For more information on 
these and other kinds of analysis you can perform using 
GIS, see The ESRI Guide to GIS Analysis . 

In the next section you'll learn about the steps in a typical 
GIS analysis project. 
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The steps in a GIS project 



In a typical GIS analysis project, you identify the 
objectives of the project, create a project database 
containing the data you need to solve the problem, use GIS 
functions to create an analytical model to solve the 
problem, and present the results of the analysis. 

Step 1 : Identify your objectives 

The first step of the process is to identify the objective of 
the analysis. You should consider the following questions 
when you are identifying your objectives: 

• What is the problem to solve? How is it solved now? 
Are there alternate ways to solve it using a GIS? 

• What are the final products of the project — reports, 
working maps, presentation-quality maps? 

• Who is the intended audience of these products — the 
public, technicians, planners, officials? 

• Will the data be used for other purposes? What are the 
requirements for these? 

This step is important because the answers to these 
questions determine the scope of the project as well as how 
you implement the analysis. 
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Step 2: Create a project database 



The second step is to create a project database. Creating the 
project database is a three-step process. The steps are 
designing the database, automating and gathering data for 
the database, and managing the database. 

Designing the database includes identifying the spatial data 
you will need based on the requirements of the analysis, 
determining the required feature attributes, setting the 
study area boundary, and choosing the coordinate system to 
use. 

Automating the data involves digitizing or converting data 
from other systems and formats into a usable format as well 
as verifying the data and correcting errors. 

Managing the database involves verifying coordinate 
systems and joining adjacent layers. 

Creating the project database is a critical and time- 
consuming part of the project. The completeness and 
accuracy of the data you use in your analysis determines 
the accuracy of the results. 

Step 3: Analyze the data 

The third step is to analyze the data. As you've seen, 
analyzing data in a GIS ranges from simple mapping to 
creating complex spatial models. A model is a 
representation of reality used to simulate a process, predict 
an outcome, or analyze a problem. 
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A spatial model involves applying one or more of three 
categories of GIS function to some spatial data. These 
functions are: 



• Geometric modeling functions — calculating distances, 
generating buffers, and calculating areas and perimeters. 

• Coincidence modeling functions — overlaying datasets to 
find places where values coincide. 

• Adjacency modeling functions — allocating, pathfinding, 
and redistricting. 

With a GIS you can quickly perform analyses that would be 
impossible or extremely time consuming if done by hand. 
You create alternative scenarios by changing your methods 
or parameters and running the analysis again. 

Step 4: Present the results 

The fourth step is to present the results of your analysis. 
Your final product should effectively communicate your 
findings to your audience. In most cases, the results of a 
GIS analysis can best be shown on a map. 

Charts and reports of selected data are two other ways of 
presenting your results. You can print charts and reports 
separately, embed them in documents created by other 
applications, or place them on your map. 
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What's next? 



Now that you have reviewed the steps in a GIS project, you 
are ready to begin planning your own project. The next 
section presents an overview of the steps for the 
Greenvalley wastewater treatment plant project. The first 
step — identifying the project objectives — is covered in this 
chapter. The rest of the steps comprise the remaining 
chapters in this book. 
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Planning your project 



Planning is a critical step in any GIS project and can save 
you time and effort once you get to the database creation, 
analysis, and mapping steps. During the planning phase 
you identify the project objectives, define the criteria for 
the analysis, and identify the data required to support the 
analysis. You should also consider the approach you'll use 
for the analysis and what the final products of the project 
will be. Once you've done this, you can proceed to create 
the project database. 

Throughout the rest of this book you will be working on a 
small GIS analysis project. In the process, you'll learn how 
to plan a GIS project and how to use ArcMap and 
ArcCatalog together to carry it out. While you'll be 
performing a specific type of analysis — finding a site for a 
new facility — the steps you'll follow in the project, and 
many of the specific tasks, will be applicable to a range of 
GIS projects. The scenario for the project is to find a 
suitable site for a new wastewater treatment plant. 

The City of Greenvalley is growing. To support this 
growth, the City is building a new wastewater treatment 
and recycling plant. The City plans to use conservation and 
wastewater recycling to help meet its expected water needs. 

The diagram to the right outlines the steps in a GIS project 
and shows where each step is covered in the remaining 
chapters in this book. 

In this chapter, you'll carry out Step 1 — identifying the 
project objectives. You'll also do some planning for the 
remaining steps. 
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Steps in a GIS project 

Step 1 : Identify the objectives — Chapter 4 

Criteria Data set Attributes 



Step 2: Create the project database 



Assemble the data — 
Chapter 5 

H"J$ project 
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Prepare the data for 
analysis — Chapter 6 



Step 3: Analyze the data— Chapter 7 
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Step 4: Present the results — Chapter 8 
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Step 1 : Identify the project objectives 



The objective of this GIS analysis is to find a suitable site 
for the City's new wastewater treatment plant. The City has 
never used a GIS model to site a wastewater treatment 
plant. The existing plant was sited many years ago using a 
quadrangle map, acetate overlays, and the City Council's 
knowledge of the area in consultation with the City 
engineer. This approach was adequate but time consuming, 
and the public was not involved in the process. 

The problem has become more difficult as the area has 
become more developed and environmental and public 
health regulations more stringent. The Council has chosen 
to use a GIS model in order to speed the process and to 
ensure that the necessary regulations are complied with. 

Because the Council recognizes that siting such a plant can 
be controversial, they want the analysis to identify all of 
the parcels that could be used for the plant site and then 
identify the highly suitable parcels, based on very specific 
criteria. The possible sites will be discussed at a public 
meeting. The map you create for the meeting should make 
clear which parcels are highly suitable, which are less 
suitable, and which are unsuitable. 

The City has provided you with a list of the criteria for a 
suitable site. The parcels chosen for the site must be: 

• Below 365 meters in elevation, to minimize pumping 
costs 

• Outside of the floodplain, to avoid spillage during 
storms 

• Within 1,000 meters of the river, to minimize pipeline 
construction for treated water that is discharged 

• At least 150 meters from residential property and parks, 
to minimize the impact on the City's residents 
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• On vacant land that can be developed, to minimize land 
acquisition and construction costs 

In addition, to further reduce construction costs, the City 
would prefer that the site be: 

• Within 1,000 meters of the main wastewater junction 
(within 500 meters is considered even more suitable) 

• Within 50 meters of an existing road 

The plant will also require a total of at least 150,000 square 
meters in area. 

A preliminary review of existing paper maps has shown 
that the most likely location for the plant is in the 
northwest corner of the City, near the river, and in a low- 
lying area. This will be the study area for the project. The 
GIS analysis will allow you to combine the criteria to 
identify specific parcels that are suitable sites. 

Step 2: Create the project database 

Creating the database for this project will be a two-step 
process. First you'll assemble the existing data and review 
it. Then you'll prepare the data for analysis. Some of the 
data will be usable as is; other layers will need additional 
processing. You may also need to automate some data. 
You'll assemble the data in Chapter 5, 'Assembling the 
database', and prepare the data for analysis in Chapter 6, 
'Preparing data for analysis'. At this point, though, you can 
plan for those tasks by identifying the data layers you'll 
need and the sources of the data. 

Assemble the project data 

Several City of Greenvalley departments maintain GIS data 
and have working arrangements to share data for City 
projects. Some of this data is already stored in the City's 
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GreenvalleyDB database. The City also has data sharing 
agreements with several regional and state agencies. 

Because a database containing much of the data you need 
already exists, you will not need to spend as much time on 
designing and automating your project database as you 
would otherwise. However, you will still need to do some 
database design work for your project database. You'll 
need to identify the dataset and any attributes required for 
each criteria. You'll then research the available data to see 
which layers will meet your needs. 

Each of the City's criteria will require a layer of data for 
the analysis. Here is a list of the criteria and the 
corresponding datasets and attributes. 



Criteria 


Dataset 


Attributes 


Less than 365 meters elevation 


Elevation 


Elevation in meters 


Outside the floodplain 


Floodplain 


n/a 


Within 1,000 meters of the river 


River 


n/a 


At least 150 meters from 
residential property 


Parcels 


Land use 


At least 150 meters from parks 


Parks 


n/a 


On vacant land 


Parcels 


Land use 


Within 1,000 meters of the 


Wastewater 


n/a 


WASTEWATER JUNCTION 


junction 


Within 50 meters of a road 


Roads 


n/a 


At least 150,000 sa meters 


Parcels 


Area in square meters 
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Note that the parcels dataset will be used for several 
criteria. 



You can now take inventory of the data that you have and 
see which layers correspond to the required datasets. You 
can also identify other layers that you need to obtain or 
create. 

To find areas below 365 meters elevation, you need a 
source of elevation data. A colleague at the State 
Department of Transportation (DOT) has provided an 
elevation grid. Because you simply need to know whether 
or not a parcel is below 365 meters, you will use a polygon 
of areas below 365 meters, which your colleague at DOT 
has created from the grid. This data is in a shapefile format. 

To find parcels outside of the floodplain, you will use the 
City Planning Department's digital flood zone layer, stored 
as a feature class in the City's GreenvalleyDB geodatabase. 

To identify areas within 1,000 meters of the river, you will 
first need a layer of the river. The County Water Resources 
Department has a shapefile of the river. 

You will need a dataset of the parcels in your study area. 
The City Tax Assessor has a tiled database of parcels stored 
as shapefiles. Two of these tiles cover your study area. The 
parcel database includes a land use attribute that you will 
use to identify residential parcels (so you can buffer them 
to 150 meters) and vacant parcels. You will use the area 
attribute of the parcel shapefile to identify possible sites 
with an area of at least 150,000 square meters. 

To find areas more than 150 meters from parks, you'll need 
a parks layer. The City Parks and Recreation Department 
has a feature class of existing parks, which is stored in the 
GreenvalleyDB geodatabase. 
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There is also a recently discovered historic site in the 
project study area. The City plans to develop a park around 
the site, but the proposed park boundary has not been 
placed into the park feature class yet. You will get this 
information into your project database by digitizing from a 
scanned image of the draft park boundary map. 

To find parcels within 1,000 meters of the main wastewater 
junction, you will need a layer that includes the junction. 
The City Utility Department has a coverage of the 
wastewater mains and the junction. 

To identify parcels that are within 50 meters of a road, you 
will use the existing streets feature class from the 
GreenvalleyDB geodatabase. 

The table below lists the layers you'll assemble for the 
project database, based on the available data. The source 
and the format of each layer are also listed. 



Layer 


Source 


Format 


Elevation 


State dept. of transportation 


Grid 


Elevation < 365 m 


State dept. of transportation 


Shapefile 


Floodplain 


City planning dept. 


Geodatabase 


River 


County water resources dept. 


Shapefile 


Parcels 


City tax assessor 


Shapefiles (tiled) 


Parks 


City parks and recreation dept. 


Geodatabase 


Historic park 


City parks and recreation dept. 


Scanned image 


Wastewater junction 


City utilities dept. 


Coverage 


Streets 


City streets dept. 


Geodatabase 
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The database will also include the scanned image of the 
historic park, which you'll use to digitize the new park. 
You'll also include the elevation grid, as you may want to 
display it on your final map. 

In Chapter 5, 'Assembling the database', you'll assemble 
the data and organize it so it's easily accessible within a 
single project folder. You'll then review the data to see 
which layers will require additional processing. 

Prepare data for analysis 

Based on your review of the data, you'll determine which 
layers are currently usable and which require additional 
processing for use in the analysis. Some of the common 
tasks involved in preparing data for analysis include: 

• Checking data quality (making sure the data is accurate 
and up-to-date) 

• Converting data between formats 

• Automating data by digitizing, scanning, converting, or 
geolocating 

• Defining coordinate systems 

• Projecting layers to a new coordinate system 

• Merging adjacent layers 

You'll need to perform some of these tasks for your project 
database. You already know, for instance, that the boundary 
of the proposed park surrounding the historic site will need 
to be digitized. You have a scanned map of the proposed 
boundary that you will register to the City's geodatabase 
and digitize using the parcels layer as a backdrop. The new 
park feature will be added to the existing park feature class 
in the GreenvalleyDB geodatabase. 
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You will also need to merge the two parcel tiles for your 
study area to make the analysis easier to perform. 

Once you've reviewed the existing data (in Chapter 5), 
you'll be able to see which other layers require additional 
processing. 

Most of the data for the project is already in coverage, 
shapefile, geodatabase, or raster format, all of which 
ArcGIS can use, simultaneously. There may be cases, 
though, where you'll need to convert data to a different 
format (for example, if converting from vector to raster 
format or from shapefile to geodatabase feature class, for 
storage in an existing geodatabase). 

ArcGIS can display and overlay layers in different 
coordinate systems as long as the coordinate system for 
each layer is defined. You'll need to check this, especially 
for data you've obtained from other sources. 

You'll perform the necessary data processing tasks in 
Chapter 6, 'Preparing data for analysis'. 

Step 3: Analyze the data 

During the planning stage of the project, you'll want to 
consider the analysis methodology and list the major steps 
in the process. That way you can make sure you are aware 
of all the datasets you will need and can include them as 
you create the project database. You may want to create a 
schematic diagram of the process as a guide. 

The diagram to the right shows the process for the 
wastewater treatment plant siting analysis. 
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The analysis consists of three phases. 

In the first phase, you'll create a layer of the areas the plant 
should be outside of and another layer of the areas the plant 
should be within. 

In phase two, you'll use these layers to select a subset of 
parcels that are in a suitable location. You'll then select the 
subset of these that are vacant to create a layer of suitable 
parcels. 

In the third phase, you'll consider the City's additional 
criteria that define the highly suitable parcels. You'll find 
the suitable parcels within 50 meters of a road and those 
within 500 and 1,000 meters of the wastewater junction, 
then tag them with the appropriate codes so they can be 
identified on the map. You'll also check to see which 
parcels are large enough for the construction of the plant. 

While the schematic shows the major steps in the process, 
there are a number of interim steps you'll complete in each 
phase. You'll develop the detailed methodology and 
perform the analysis in Chapter 7, 'Performing the 
analysis'. 

Step 4: Present the results 

During project planning you should consider the purpose 
and audience for your final products. For this project, 
you'll present the results of the analysis on a presentation- 
quality map that shows the parcels that are suitable and 
highly suitable sites. The map will be presented to a 
general audience at a public meeting. 
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While you don't need to design the map layout at this 
point, you'll want to consider the layers that will be shown 
on the map. In addition to the analysis layers, you may 
want to include other layers that will provide context for 
the analysis results and make the map easier to read and 
understand. 

For this project, in addition to the layers you'll use and 
create during the analysis, you'll want to show the 
elevation grid as a backdrop so map readers can see the 
areas of lower and higher elevation in the City, as elevation 
has a major impact on the location of the wastewater 
treatment plant. 

You'll design and create the presentation map in Chapter 8, 
'Presenting the results'. 

What's next? 

Now that you've reviewed the steps involved in a GIS 
project, identified the project objectives, and engaged in 
some project planning, it's time to get started. 

You'll assemble the data for the project and review the data 
in the next chapter. 
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IN THIS CHAPTER 

• Organizing the project database 

• Adding data to the project folder 

• Previewing the data in ArcCatalog 

• Examining the data in ArcMap 

• Cleaning up the Catalog tree 



The data you will need for the project exists in several places and in 
different formats. In order to conduct your analysis, you must find the data, 
get information about it, and copy it into the appropriate workspace. 
ArcCatalog lets you explore and organize your data efficiently. 

In this chapter, you will organize your project database to hold the data that 
you will obtain or create. You will use ArcCatalog to preview data and copy 
it, create folders to hold data, and create layers to represent remote data. 
Organizing your project database in a single branch of the Catalog tree 
makes it easier to find the data you need, so you'll create a connection to 
the project folder. 

You'll also use ArcMap to display the datasets in your project database, so 
you can see the geographic relationships between the various datasets 
you'll be working with during the analysis. 

By previewing the data in ArcCatalog and ArcMap, you'll be able to see 
which layers will need additional processing to be usable for the analysis. 
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Organizing the project database 



There are many ways to organize a project database. 
One good strategy is to create a single project folder, then 
subfolders to hold the input datasets, and another subfolder 
to hold the datasets you create during the analysis. 

As with many GIS projects, the data for your project comes 
from several different sources. Some of it is in different 
data formats or in different coordinate systems. Most of the 
data has already been collected for you. Here is where the 
data currently resides: 



Layer 


Name 


Format 


Current Location 


Elevation 


ELEVATION 


Grid 


State_share folder 


Elevation < 365 m 


LOWLAND 


Shapefile 


State_share folder 


Floodplain 


FLOOD_POLYGON 


Geodatabase 


GreenvalleyDE? 
geodatabase 


River 


RIVER 


Shapefile 


C0UNTY_SHARE FOLDER 


Parcels 


PARCEL_1, 
PARCEL_2 


Shapefiles (tiled) 


City_share\land FOLDER 


Parks 


PARKS_POLYGON 


Geodatabase 


GreenvalleyDI3 
geodataease 


Historic park 


HISTORIC.TIF 


Scanned image 


City_share\image FOLDER 


Wastewater junction 


JUNCTION 


Coverage 


City_share\utility folder 


Streets 


STREET_ARC 


Geodatabase 


GreenvalleyDB 1 
geodatabase 



You'll copy the data (to maintain the original as a backup) 
and organize it in a single project folder to make it more 
accessible. You'll also create a new folder to store the data 
you'll create during the analysis. 
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There is no single way to structure a project database; it 
partly depends on personal preference. The goal is to 
minimize duplication of datasets and to have the data well 
organized and easily accessible. This will help avoid 
confusion during the project as well as if you need to 
revisit the project in the future. Before you start to create 
the folders on disk and move the datasets around, it's a 
good idea to sketch out the organization of the project 
folders. 

Project folder 

— analysis folder 

— ClTY_LAYERS folder 

— ClTY_SHARE FOLDER 

— Image folder 

— Land folder 

' — Utility folder 

— County_share folder 

— State_share folder 

— WATERPROJECT GEODATABASE 

The City share, County share, and State share folders are 
stored locally on your computer, but they could represent 
shared folders accessed over a network. You can use 
ArcGIS to manage and display GIS data on any shared 
drive on your network. 

You'll also want to think about how to name the new 
datasets you'll create, and create naming conventions. 
Using meaningful names can help you see at a glance what 
each dataset is. For example, if you merge two parcel 
datasets, you might name the output parcelOlmrg to 
indicate that it was the first parcel dataset created and the 
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operation was a merge. If you then edit the dataset, you 
might name the edited version parcel02edt, and so on. 

You'll use ArcCatalog to copy the folder containing the 
shared data to a new location so you can work with it while 
maintaining the original data. You'll then create the new 
personal geodatabase to hold several of the new datasets 
you'll create. You'll also create the two new folders: one to 
contain the layers from the City's GreenvalleyDB 
geodatabase and another to contain the layers you create 
during the analysis. Here are the steps: 

• Copy the project folder. 

• Create a connection to the project folder. 

• Create the WaterProject personal geodatabase in the 
project folder. 

• Create the City layers folder in the project folder. 

• Create the Analysis folder in the project folder. 

If you have not already done the tutorial in Chapter 2, 
'Exploring ArcCatalog and ArcMap', you will need to 
check with your system administrator to learn where the 
tutorial data is installed. Before you start the project you 
will also need to make a folder connection in ArcCatalog to 
the Greenvalley folder (use the instructions in Chapter 2). 

Copy the project folder 

The project folder contains data that other organizations 
are sharing with you. You'll copy the whole folder intact to 
your own drive. First, open ArcCatalog. 

1. Click Start, point to Programs, point to ArcGIS, and 
click ArcCatalog. 
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Navigate to the ArcGIS\ArcTutor\Getting_Started 
folder. Double-click the Getting Started folder to show 
its contents. 



£) Catalog 
□■■a C:\ 

S-U ArcGIS 
[jl-O arcexe81 
fi-Cl ArcTutor 
m-M 3D Analyst 
S-O BuildingaGeodatabase 
B-Cl Catalog 
S-D Editor 
B-Q Geocoding 
E-CH Geostatistics 

Greenvalley 
il-Q project 



Click the project folder, hold the Ctrl key, drag the 
folder from its current location, and drop it onto your 
C:\ drive or any other local drive or folder. 



g) Catalog 

□ UiHSr 

■ a-D^is 

[jl-O arcexe81 
fi-Cl ArcTutor 
ij-Cl 3DAnalyst 
ij-O BuildingaGeodatabase 
$■■0 Catalog 
B-Cl Editor 
Ej3--C] Geocoding 
El-Cl Geostatistics 
Getting_Started 
ij-Q Greenvalley 
S-S project! 
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Substitute your local drive or folder for "C:\" for the rest of 
this chapter. 

Dragging a folder to another drive (for example, from the 
C:\ drive to the D:\drive) copies the folder and its contents 
to the new location. Dragging to another location on the 
same drive moves the folder. To copy a folder to another 
location on the same drive, hold the Ctrl key while you 
drag. 

4. When ArcGIS is finished copying the data, click C:\ in 
the Catalog tree to view the contents of the C:\ drive on 
the right side of the Catalog window. 

You can see that the project folder is listed. 



Contents | Preview | Metadata | 




Name 


1 Type 


D ArcGIS 


Folder 




^project 


Folder 





Now that you've copied the project folder, you can work on 
your copy of the data without modifying the original data. 

Connect to the project folder 

If you have many folders on a drive, it can become tedious 
to scroll to one you use frequently. Making a connection 
puts that folder at your fingertips. You'll create a 
connection for the project folder. 
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In the tutorial, you made a folder connection by clicking 
Connect to Folder and browsing. Here is a quicker way: 

1. Navigate to the project folder in the right side of the 
Catalog window (the Contents tab should be selected). 

2. Click the project folder and drag and drop it onto 
Catalog at the top of the Catalog tree. 



I &-Q ArcGTS 

EbQ arcexe81 
S-Q ArcTutor 

3DAnalyst 
ijl-O BuildingaGeodatabase 



Contents | p r ev 
Name 



D ArcGIS 
^project 



The new folder connection- 
in the Catalog tree. 



-C:\project — is now listed 



§ Catalog 
EMJ C:\ 

C:\ArcGIS\ArcTuto r\ G etti n g_Starte d \ G re e n val I ey 
EMJ D:\ 

ril-C^ Database Connections 
l+l-lS Internet Servers 



The connection is a shortcut to the project folder. For the 
rest of the project, you'll access the data in the project 
folder using the connection. 
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Create a personal geodatabase 



Next, you'll create a personal geodatabase within the 
project folder to store several of the updated and new 
datasets you'll create during the project. Using a 
geodatabase is an efficient way of storing, accessing, and 
managing data. 

1 . Click the project folder connection you just created to 
see its contents in the right side of the Catalog window. 



Contents | Preview] Metadata] 
Name 










_|City_share 


Folder 




(^County_share 


Folder 




($State_share 


Folder 




iicityjogo 


Raster Dataset 





2. Right-click the project folder connection, point to New, 
and click Personal Geodatabase. 



C:\proje£ 



S-(4 D:\ 



* C, 



:opy 



Ctrl+C 

E-G3 Databa 85 Paste Ctrl+V 
E-ff Internet gj Disconnect Folder 
Refresh 



£k Search.. 



\ff Properties.. 



Folder 


| Personal Geodatf 


abase 


Layer... 




Group Layer 




Shapefile... 




d BASE Table 





You will see additional options if you are using Arclnfo. 
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The new geodatabase is listed in the right side of the 
Catalog window with its name highlighted (New 
Personal Geodatabase). 



Contents | Preview | Metadata | 


Name 


1 Type 


Cj City_share 


Folder 


($County_share 


Folder 


($State_share 


Folder 




[Personal Geodatabase 


fflcityjogo 


Raster Dataset 



3. Rename the geodatabase by typing "WaterProject" over 
the highlighted text. Press Enter. 



Contents | Preview 


Metadata | 


Name 


I Type | 


CH City_share 


Folder 


($County_share 


Folder 


^State_share 


Folder 


VaterProject | 


Personal Geodatabase 


H cityjogo 


Raster Dataset 
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Create the Cityjayers and Analysis folders 

Now you'll create two new folders under the project folder 
to hold the layers from the City's GreenvalleyDB 
geodatabase and the new layers you'll create later during 
the analysis. 

1. Right-click the project folder, point to New, and click 
Folder. 



E-tJ C:\proipn 
E-(4 D:\ 

E--t& Datab SI p as te 
S-© Interne Disconnect Folder 
Refresh 



Search... 



^ Properties... 




Folder 


Personal Geodatabase 




Layer... 




Group Layer 




Shapefile... 




dBASE Table 



The new folder is listed on the right side of the Catalog 
window with its name highlighted (New Folder). 



Contents 


Preview 


Metadata | 


Name 




1 J yP e 1 


CH City_share 


Folder 


(flj County 




Folder 


D|13 


m\ 


Folder 


(^State_share 


Folder 


(3 WaterProject 


Personal Geodatabase 


|| cityjogo 


Raster Dataset 
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2. Rename the folder by typing "City layers" over the 
highlighted text. Press Enter. 



Contents | Preview | Metadata | 


Name 


1 T W e 1 


C3 City_share 


Folder 


^County_share 


Folder 


ft | Cityjayers | 


Folder 


($State_share 


Folder 


Q WaterProject 


Personal Geodatabase 


H cityjogo 


Raster Dataset 



Create the Analysis folder the same way. 

3. Right-click the project folder, point to New, and click 
Folder. Rename the folder "Analysis". 



Contents | Preview | Metadata | 




Name 


1 Type | 


CJ Analysis 


Folder 


CJ Cityjayers 


Folder 


CJ City_share 


Folder 


^County_share 


Folder 


^State_share 


Folder 


Q WaterProject 


Personal Geodatabase 


H cityjogo 


Raster Dataset 



If you make a mistake and create the folder in the wrong 
location or misspell the name, simply right-click the folder, 
click Delete or Rename, and start over. 
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Adding data to the project folder 



Three of the data sources you need — parks, streets, and the 
flood zone — are in the City's GreenvalleyDB database, 
which is already on your local drive. Since you'll be 
modifying the parks feature class by adding the new 
historic park, you'll copy it to the WaterProject 
geodatabase you just created. That way you maintain the 
original data as a backup. You won't be modifying the 
other two feature classes — only using them for display and 
analysis. Rather than copying them, you'll create layers in 
the project folder that point to the original data in the 
GreenvalleyDB geodatabase. That will let you access the 
data from within the project folder without creating 
duplicate datasets (this is especially useful when accessing 
data over a network). Here are the steps: 

• Copy the parks feature class from the GreenvalleyDB 
geodatabase to the WaterProject geodatabase. 

• Create the streets layer in the Citylayers folder. 

• Create the flood zone layer in the City layers folder. 
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Copy the parks feature class to the WaterProject 
geodatabase 



1 . Click the plus sign next to the project folder in the 
Catalog tree to expand the contents. 



g) Catalog 

E--£J C:\ArcGIS\ ArcTuto r\ G etti n g_Starte d \ G re e n val I ey 

El"{^ Analysis 

Cityjayers 
ij-Q City_share 
S County_share 
Ej]"® State_share 

WaterProject 

cityjogo 

E-{J D:\ 



2. Double-click the Greenvalley folder connection in the 
Catalog tree. 

The contents appear in the right side of the Catalog 
window. 



fc] Catalog 
i-a C:\ 




Contents | Preview | Met 




Name 




^Data 


| [j-Cl Data 

\--^\ Downtown Water 
i-^J] Greenvalley 
0- Water Use 




@ Downtown Water 
^Greenvalley 
'aterUse 


C:\project 
! El-Q Analysis 
| [j-O Cityjayers 
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In the tutorial in Chapter 2, you created a connection to the 
Greenvalley folder. If the connection is no longer active, 
navigate to the Getting Started folder, expand its branches, 
and then click the Greenvalley folder. 

3. In the Catalog tree, double-click Data, double-click 
GreenvalleyDB, and click the Parks feature dataset. 



■ 



Catalog 
S-(i C:\ 

E-{J C:\ArcGIS\ArcTutor\Getting_Started\Greenvalley 
1=1-^ Data 

1=1-13 GreenvalleyDB 
E-Q 1 Hydrology 

S -Q 1 Public Buildings 
S 3 Public Utility 
Transportation 
^J] Downtown Water 
@ Greenvalley 
Water Use 
□■■(J C:\project 
Analysis 



The GreenvalleyDB geodatabase is organized using feature 
datasets such as hydrology and transportation. Feature 
datasets are useful for grouping related feature classes 
within a geodatabase. For example, you might include 
feature classes such as water mains, laterals, junctions, and 
pumps, within a feature dataset named WaterSystem. All 
the feature classes within a feature dataset have the same 
geographic extent. In addition, the feature classes maintain 
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some topological relationships in common. So, for 
example, if you edited the junction feature class and moved 
the location of a water junction, the attached lines in the 
mains and lateral feature classes would move accordingly. 

Since the WaterProject geodatabase you created will 
contain only a few feature classes, it's not necessary to use 
feature datasets. 

4. Click and drag the parks_polygon feature class to the 
WaterProject geodatabase in the Catalog tree (scroll 
down first if the WaterProject geodatabase isn't visible). 



Contents | Preview | Met 
Name 



®% Parks 
m -^ Public Buildings 

Public Utility 
do-?? Transportation 
h^f) Downtown Water 
h<S) Greenvalley 
| M> Water Use 
& G| C:\ project 
! Analysis 
i !$]••]$ Cityjayers 
| E-Cl City_share 
; County_share 
! $-{$J State_shar e 

i rj]ii cityjogo 
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5. 



Click OK on the Data Transfer dialog box that appears. 




6. When the transfer is complete, click the plus sign next 
to the WaterProject geodatabase in the Catalog tree. 

The parks_polygon feature class is listed. 

C:\project 
I ij-Cl Analysis 
j Ej3-CJ Cityjayers 
j Ej3-CJ Ci1y_share 
: County_share 
: S-ft State_share 
j iei-O WaterProject 

MB parks_polygon 
j ri]-H cilyjogo 
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Create the streets and flood zone layers 

Unlike with the parks feature class, you won't be 
modifying the streets and flood zone data — you'll simply 
be using the data in the analysis process. So, rather than 
copying the data into the project folder, you'll create layers 
to serve as shortcuts to the data. That way you maintain a 
single copy of the data in the GreenvalleyDB but will be 
able to access the data from within the project folder. 

The contents of the GreenvalleyDB geodatabase should 
still be visible in the Catalog tree. If not, double-click the 
Greenvalley folder to show its contents, then double-click 
Data, and double-click GreenvalleyDB. 

1. Double-click Transportation. 

E-£J C:\ArcGIS\ArcTutor\Getting_Started\Greenvalley 
Data 

j a-3 GreenvalleyDB 
Ej]--9 Hydrology 
i -^5 Parks 
EtI-JtJ Public Buildings 

Public Utility 
S"*t5 Transportation 
! -@ street_arc 
@ Downtown Water 
|--@ Greenvalley 
M> Water Use 
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2. Right-click streetarc and click Create Layer. 



C : \ ArcG I S \ ArcTuto r\ G etti n g_Starte d \ G re e n val I ey 
Data 

| S-9 GreenvalleyDB 
Hydrology 
Parks 

Public Buildings 
i-^} Public Utility 
S Transportation 

Downtown Water 
Green val ley 
i--^ Water Use 

C:\project 
3 Database Connections! 
S --^ Internet Servers 



^ Copy 


Ctrl+C 


X Delete 




Rename 


FZ 


1 Create Layer... 


Export 




Load Data... 




^ Beview/ Re match Addresses... 


iff* Properties... 



In the Save Layer As dialog box, navigate to the 
Citylayers folder in your project folder and name the 
layer "streets". Click Save. 



Look in: |CJ Cityjayers 



"3 M aMgH liiirm 



|streets| 




Save 


MLayer files f.lyr) 




Cancel 





The streets layer is created in the City layers folder. 
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Use the same procedure to create a layer for the flood zone 
data. 

1 . Double-click the Hydrology feature dataset in the 
Catalog tree, right-click the flood_polygon feature class, 
and click Create Layer. 

2. Navigate to the City layers folder in your project folder 
and name the layer "flood zone". Click Save. 

3. Click the project folder in the Catalog tree and double- 
click the City layers folder. 

□■■(J C:\project 
Ej3"CH Analysis 
□■■■^ Cityjayers 
[■■■■■& flood_zone 
streets 
ED-CJ City_share 
[+]■■■($ County_share 

State_share 
B-3 WaterProject 

j ~S parks_polygon 
lil-H cilyjogo 



The two layers are listed (you may need to click Refresh 
on the View menu to see them). 

The streets and flood zone layers are now stored with your 
project data. The actual data for each layer is stored in the 
GreenvalleyDB database. This database is on your local 
drive in this case, but it could just as easily be a remote 
database accessed over a network. 
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At this point, you've organized all the existing project data. 
Now you can access all the data from within the project 
folder. Your project folder should look like this: 

i -C] Analysis 
j S -@ Ci1y_layers 

j--^ flood_zone 
;--<S> streets 
j fi-O City_share 
S-ft image 
I [±i-H historic 
I land 

j--0 parceM 
i--Q parcel_2 
| a-ft utility 

E-'jvp junction 
| County_share 

! -Q river 
I B-^ State_share 
elevation 
i-JMl lowland 

i © state_dot 

j [j-(3 WaterProject 

L -|Ej| parks_polygon 
S-H cityjogo 

You may need to open each folder and the geodatabase to 
see all the layers. 
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Previewing the data in ArcCatalog 



So far you've organized the project data by copying data 
folders and files. It's a good a idea to review each dataset 
to see what the spatial data looks like and what attributes it 
has. Doing so will help you make sure you've assembled 
the datasets you need. You will also be able to determine if 
any of the data needs additional processing to be usable for 
the analysis. 

You have several options for examining the data. 
ArcCatalog lets you quickly preview the features and 
attributes in each individual dataset. ArcMap lets you 
display the datasets together, change how they're 
displayed, and zoom in on them to take a closer look. 
You'll use both ArcCatalog and ArcMap to review your 
data. 

Preview the streets and flood zone layers 

1 . Navigate to and click the floodzone layer in the 
Catalog tree. 

E-{J C:\project 
i-0 Analysis 
Cit yjayers 

••❖iBBHfflB 

streets 
City_share 
| B-l$ image 

| mS historic 
| [j-^ land 

The right side of the Catalog window displays the name 
of the layer, along with its type and a gray square 
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containing an icon representing the flood zone 
polygons. 



Contents | Preview | Metadata | 



Name: flood_zone.lyr 
Type: Layer 




| flQQd_zone| 

2. Click the Preview tab. 

The flood zone polygons are displayed. 

Contents Pre vi e w | M etad ata ] 




Preview: | Geography 

A 
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While you're here, you can create a thumbnail view of the 
floodzone layer. That will let you quickly see what the 
layer looks like as you navigate through the Catalog tree. 
Since you just created the layers, the thumbnails don't exist 
yet. 

3. Click the Create Thumbnail button on the toolbar. 

Nothing happens on the screen, but the thumbnail is 
created and stored with the flood zone layer. 



J <*} €} ^ #| 



-Create Thumbnail 



4. Click the Contents tab. 

Rather than the gray square you saw previously, you see the 
thumbnail showing the actual flood zone polygons. 



Contents ] Preview | Metadata | 



Type: 



flood_zone.lyr 
Layer 



V 

flciQd_zcine| 



Now preview and create a thumbnail for the streets layer. 
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5. Click the streets layer in the Catalog tree and click the 
Preview tab. 



Co nte nts Preview | Metadata | 




The streets are displayed. 

6. Click the Create Thumbnail button on the toolbar. 

7. Click the Contents tab to see the thumbnail. 



Contents | Preview | Metadata | 

Name: streets, lyr 
Type: Layer 
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8. Click the Citylayers folder in the Catalog tree, then 
click the Thumbnails button on the toolbar. 



1 Q 6-b- 1 
— q b-b- 

H b-b- 




□ □ 1 

□a | 







Thumbnails 



The thumbnails you just created for these layers are 
displayed. 



B-Q 1 Trans p 
•• CD str 

■ Greenvalley 

■ Water Use 
■ C:\project 

!--{■) Analysis 

- «| CiVJayers 

| i—*^ flood_:one 
^> streets 

- _l City_share 



s | Preview | Metadata | 




Thumbnails are useful for quickly previewing all the 
spatial data in a particular folder or geodatabase. 

Explore the other data folders 

You can preview the other datasets by looking at the 
contents of the other folders in the project database. The 
thumbnails for these datasets already exist. 

1 . Click the plus sign next to the City share folder in the 
Catalog tree to list its contents. 

2. Click the image folder. 

Since the Contents tab is selected and the Thumbnail 
button on the toolbar is also selected, the thumbnail for 
the historic park TIFF file displays. 
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3. Click the land folder to see the two parcel shapefiles 
you'll be working with, then click the utility folder to 
see the water junction coverage. 

4. Click the Stateshare folder to display the thumbnails 
for the elevation grid and lowland shapefile. 



- i 'ft:' \f V, 

*J : ,••>-.-•• 

❖ Bo«Lion* 


±J 


Canto rta 












1 

ft. 


I 


® 

*Wo do"| 










■ M hiinnc 

Hytrin? 






R 















The State share folder also contains a file named 

state dot.prj that contains the coordinate system definition 

for Department of Transportation data. Your colleague at 

the State DOT wisely included it in case there was a 

question about the coordinate system of the elevation 

datasets. Since it's not a geographic dataset, there is no 

thumbnail. 

Preview the river shapefile 

The Countyshare folder contains the river shapefile 
created by the County Water Resources Department. 

1. Double-click County share to show the folder's 
contents, if necessary. 
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S-Q City_share 
| B-® image 

| historic 
| [j-^ land 

|--Q parcel_1 
l O parcel_2 
| utility 

Efa-'jvp junction 
□■■■^ County_share 

! -H river 
1=1-® State_share 
j E-H elevation 
i-HD lowland 

The river thumbnail appears. The shapefile contains a 
single river. You can take a closer look to make sure 
they sent you the right shapefile. 

2. Click the Preview tab. 



Contents Pre vi ew | Metad ata ] 






The selection cannot be previewed. | 
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You get a message saying "The selection cannot be 
previewed." That's because the County share folder is still 
selected. 

The Preview tab previews a single dataset only. In contrast, 
the Contents tab displays all the datasets in a folder or 
geodatabase (either as thumbnails, as a list, or as icons 
representing the datasets). The Contents tab will also show 
you the contents of a single dataset. For shapefiles, feature 
classes, or image files, it displays the name and type of the 
dataset, along with the thumbnail. For coverages, the 
Contents tab lists the files comprising the coverage. 

3. Click the river shapefile in the Catalog tree. 

b Q City_share 
j Q-l$ image 

| Q"i historic 
I d land 

parceM 
L IH parcel_2 
| utility 

r+l-S 1 junction 
fi-fe CQ unty_ share 

fi-ft State_share 
j d3"!ll elevation 
j-jE] lowland 
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Now the river is displayed. You can check its attributes 
to be sure this is the right river. 



Co nte nts Pre vi e w | Metadata | 




A 



4. 



Click the Preview dropdown arrow and click Table. 



Now you can see the feature attribute table for the river 
shapefile. Your project area is along the Green River. 
This is the right shapefile. 



Contents Preview Metadata | 





FID 


Shape* 


TYPE 


NAME ALF 




0 


Polyline 


6 


Green River 




1 


Polyline 


6 


Green River 




2 


Polyline 


5 


Green River 




3 


Polyline 


6 


Green River 




A 


Polyline 


5 


Green River 



You're finished previewing the data in ArcCatalog for now. 
5. Click the Contents tab. 
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Examining the data in ArcMap 



The Contents and Preview tabs in ArcCatalog give you a 
quick overview of what your data looks like. However, the 
thumbnail images aren't drawn to scale or in the correct 
geographic space. Plus, each dataset is displayed 
separately. To see how the datasets relate to each other 
geographically, you need to display them in ArcMap. This 
will let you confirm that the datasets all overlap with your 
study area. 

Open a new map 

1 . Click the Launch ArcMap button in ArcCatalog to start 
ArcMap. 



Launch ArcMap 



2. If the startup dialog box appears, click the option to use 
A new empty map and click OK. 



Start using ArcMap with - 



i 



C A template 



maps for various geographic regions. 



(A 



r I mi m e d i ate ly ad d d ata 

I Do not show this dialog again 
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If the startup dialog box doesn't appear, ArcMap 
automatically opens a new map. 



J File Edit View Insert Selection lools Window Help 

j D & H #| * feX |" \t>\\ dl^l^l^l 



■ -|n|x| 



Drawing - >t C 7 ) | □ " A " |Arii 



u [A. ^ &> ~ | 



You can think of ArcMap as providing two functions: a 
workbench, or desktop, where you view, query, edit, and 
combine geographic data; and a canvas, or page, where you 
compose (layout) maps for display. You usually work in 
data view for the former and layout view for the latter 
(although you can also work with the data in layout view). 
Data view is the default when you start a new map. You'll 
do most of the work for your project in data view. You'll 
work with layout view in Chapter 8, 'Presenting the 
results'. 
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Add the parcel layers to the map 



The two parcel layers you've obtained from the City 
assessor's office constitute the area in which you'll focus 
your search for a wastewater treatment plant site. You'll 
combine the two layers in the next chapter, but for now you 
can display them together to get a better sense of the area 
you'll be working in. 

There are two ways to add data to a map. You can use the 
Add Data button on the ArcMap toolbar and navigate to the 
location of the dataset, or you can drag datasets from 
ArcCatalog and drop them on the map. The end result is the 
same, so which you use is a matter of preference. You'll get 
a chance to use both in this section. 

1 . Click the Add data button on the ArcMap toolbar. 



m x 




4 


>> 









Add Data 



2. Navigate to the City share folder under the project 
folder. 









Look in: |Q Ci1y_share 


Z\ ^| &\m\& | |!:!:J!Ui 




^irnage 
futility 








Name. 


■ 


Add 


S h o w of 1y p e : [Da /e rs (*. ly r) 




Cancel 









94 



3. Double-click the land folder. 

4. Click the parcel l shapefile, then press the Shift key 
and click the parcel_2 shapefile so both are selected. 

5. Click Add. 

Look in: | an d ]] M S?|£l|if | [jl^ ff?|SS| 

ED 
P i 





Name: |parcel_1 .shp; parcel_2.shp 


Add 


Showoftype: | Datasets and Layers (*.lyr) T | 


Cancel 



The parcels are listed in the table of contents and 
displayed on the map. You can see that they're adjacent. 

When you add a dataset to a map, ArcMap uses a color that 
it selects. The colors on your map may not match the ones 
shown here. You can change the colors and symbols for the 
layers on your map, as you'll see later in this chapter. 
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File Edit View Insert Selection lools Window Help 



■ - g|x| 



|1:31,B77 d|[Z|^|^| 



B S Layers 

- 0 parcel_2 



Display | Source | 



\ Drawing' >t ■ □ ' A ' |Arial 



HW3 b / u|a^ t 



Add the rest of the City data to the map 

Now you'll add to the map the streets and flood zone layers 
from the Citylayers folder, the parks feature class from the 
WaterProject geodatabase, and the wastewater junction 
coverage from the City share folder. As an alternative to 
adding data to a map using the Add data button, you can 
add data simply by dragging the datasets from ArcCatalog. 

1 . Make sure both the ArcCatalog and ArcMap windows 
are visible. 

2. In the Catalog tree, navigate to the project folder. 

3. Double-click City layers, if necessary, to display its 
contents. 



4. Click floodzone and drag it onto the map. 
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- 



Public Utility 
□ Trans: 
L -Q str 

GreenvallGy 
^ Water Use 
C:\project 
_l Analysis 

layers 
|....^ipd_zone 
! --^5> streets 
M City_share 
image 
! S-H historic 
S--J$ land 

;<-Q parceM 
;--Q parce _2 
B utility 
bS 1 junction 
County_share 



- S3 State_share 
| ii IH elevation 
Q lowland 
^ # state_dot 



| Preview | Metadata | 



% Untitled - ArcMap 




The flood zone feature class is drawn on the map. 
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5. Click the streets layer and drag it onto the map. 

6. In the Catalog tree, open the utility folder under the 
City share folder. Click and drag the junction coverage 
onto the map. 

7. Finally, open the WaterProject geodatabase, if 
necessary, and click and drag the parks_polygon feature 
class onto the map. 

Fiif Edit vie-- !r',:-en Selection lool: Window Help 



JP^H#|^^eX|o ^ |1 31.877 J | a? | » | Iff 




Now you've displayed most of the project datasets, 
stored in various folders and in different formats, all on 
the same map. 
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By default, ArcMap draws point features (such as the 
junction) on top of line features (such as the streets). It 
draws polygon features under the others. Within each type, 
the drawing order depends on the order the data was added 
to the map, with the most recent addition on top. You can 
rearrange the drawing order by clicking and dragging 
layers up or down in the table of contents. You can also 
choose your own colors and symbols for the layers. 

Since the floodzone layer is drawn on top of the parcels, it 
partially obscures them. You'll display the parcel outlines 
on top of the flood zone so you can see the flood zone 
beneath. 

8. In the ArcMap table of contents, click the flood zone 
layer and drag it to the bottom. 



□ ^ Layers 

□ 0 junction point 

O 

□ 0 streets 



□ 0 parks_polygon 



□ 0 flood_zone 



n 

□ 0 parcel_2 

□ 

□ 0 parceM 

□ 
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9. Right-click the legend symbol under parcell. 

10. Click No Color at the top of the color palette. 



□ ^ Layers 

□ 0 junction point 

O 

□ 0 streets 



□ 0 parks_polygon 

□ 0 parcel_2 

□ 



□ 0 parcel_ 



□ 0 fh 



No Color 



□□□□□□□□□□□□ 

□■■□□□□□■■■a 



■■□□□□□□■■■a 




More Colors... 



Do the same for the parcel_2 coverage. 

1 1 . Right-click the legend symbol under parcel_2 and click 
No Color on the color palette. 

The parcel outlines are displayed, and you can see the 
flood zone area underneath. 
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j File Edit View Insert Selection lools Window Help 



1-lalxl 



]oa:ya|ji>G*iex|o^|^ || 1:31 , 87 7 j | ^ | ^ | >t? | 



B S Layers 

B 0 junction point 

□ 0 streets 

B 0 parks 

B 0 parcel_2 
□ 

B 0 parceM 



Display | Source | 




J Drawing ~ CO | □ ' A ' iS |Arial 


J||DJB/U|A^. ^ | 






S> H8Q779 60 376931 5.34 Meters | 


A 



You're still zoomed in to the study area delineated by the 
parcel coverages. To get the big picture, zoom to the full 
extent of the datasets. 

12. Click the Full Extent button on the Tools toolbar. 



















0 M 









Full Extent 
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Now the map extent includes the additional datasets 
you've added to the map. You can see where the parcels 
you're focusing on are in relation to the rest of the City 




Add the river shapefile to the map 

Next you'll add the river shapefile, from the County Water 
Resources Department, to the map. 

1 . Click the Add Data button on the ArcMap standard 
toolbar. 

2. Navigate to the County share folder under the project 
folder. 
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Click river. shp and click Add. 



Look in: \\& County_share 



"3 M aM#l lsii|aa| 




ArcMap displays a message that the river shapefile has a 
geographic coordinate system that differs from other 
data in the map. All the datasets you've added up to this 
point are from the City, and all use the same geographic 
coordinate system (Transverse Mercator). Apparently, 
the river shapefile uses a different coordinate system 
than the City data. 



Warning: 




The following layer: river 

has a geographic coordinate system that differs from other data in the map 
or from the current map projection. 




You may need to select a different geographic transformation than the one 
automatically chosen foryou in orderto avoid alignment or accuracy 
problems with the data. 




OK | OK to all 




r Don't warn me again in this session 




r Don't warn me again ever 
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Every dataset uses a geographic coordinate system to link 
the coordinates stored in the GIS to actual locations on the 
surface of the earth. The coordinate system allows the GIS 
to determine where geographic features are located in 
relation to each other. There are many different coordinate 
systems used with geographic data. You can display the 
coordinate system for a dataset in ArcCatalog. ArcToolbox 
lets you define or change the coordinate system for a 
dataset. You'll get a chance to do this in the next chapter, 
where you'll also learn more about what a coordinate 
system is. 

When you create a new map in ArcMap, the coordinate 
system used by the first dataset you add to the map, in this 
case the parcel l shapefile, defines the coordinate system 
for the entire map. If you add a dataset that doesn't use that 
same coordinate system, ArcMap will attempt to transform 
it on the fly so it displays correctly with the other data. 

4. Click OK to close the Warning message box. 



1 










"1 




1 


□ 


! - 
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ArcMap transforms the river to the same coordinate 
system as the other datasets so it can be displayed. 

You could just leave the shapefile in its original coordinate 
system, but since it will eventually be added to the City's 
GreenvalleyDB geodatabase, you'll want to put it in the 
same coordinate system as the rest of the City's data. You'll 
do that in the next chapter. 

Add the elevation data to the map 

Next you'll take a look at the elevation data from the State 
Department of Transportation. 

1 . Click the Add data button and navigate to the 
State share folder. 

2. Click elevation and click Add. 

EEDB^H HZ] 

Look in: State_share jj ^] £?|Sj|if | W- 

I □ lowland. shp 



S h ow of ty p e : | D e Lay e rs (*. lyr) 



"3 
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As with the river shapefile, ArcMap warns you that this 
dataset has a coordinate system that differs from other 
data on the map. Apparently the elevation data is also in 
a coordinate system different than that used by the City 
for its data. 

3. Click OK to close the Warning message box. ArcMap 
adds the elevation grid to the map. 




Since the grid is raster data, which is displayed as a 
continuous layer, it is added to the bottom of the table of 
contents and is drawn beneath the other layers. You can see 
that the grid doesn't underlie the entire City but does 
coincide with your study area. 
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Now add the lowland shapefile to the map. 

4. Click the Add data button and click lowland. shp, then 
click Add. 

ArcMap warns you that the layer is missing spatial 
reference information and can't be projected. 



Warning 


n 


O ne or more layers are missing spatial reference inf 


I 



ArcMap can only transform data on the fly if the data is in 
latitude-longitude (which ArcMap can recognize) or if the 
coordinate system for the data has been previously defined, 
as it was for the elevation grid. 

Apparently, the coordinate system was not defined for the 
lowland shapefile when it was created from the elevation 
grid. Presumably, it is in the same coordinate system as the 
elevation grid, but ArcMap doesn't know that at this point. 

5. Click OK to close the Warning box. 

ArcMap adds the data. You'll notice that while lowland 
appears in the table of contents, it doesn't appear on the 
map (it should appear on top of the layers that are listed 
below it in the table of contents). That's because it's in 
another — unknown at this point — coordinate system, so 
it can't be displayed correctly with the other data. 
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6. Click the Full Extent tool. 




Full Extent 



There is a tiny dot at the bottom of the screen (that's the 
lowland shapefile) and a slightly larger dot at the top of the 
screen — that's the rest of the data. ArcMap adjusts the 
extent to the full range of coordinate values in both 
coordinate systems and draws all the layers within that 
extent. 



■ -lalxi 



File Edit View |i 



jDs:ya|^^BX|o^|^ [[^60,051 J | -J. | £] | | 



3 junction point 



B 0 parks_polygon 
□ 



□ 

n 

flood_zone 
□ 



yj Source | 



-All other layers 



- lowland layer 



J2J 



l £5^19363.73 3763593.82 Meter 
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7. Right-click lowland in the table of contents and click 
Zoom To Layer. 







□ ^ Layers 




— 




□ 0 junction point 






0 








□ 0 river 








□ 0 streets 








^ Copy 






□ 


X Remove 




■ 


□ 0 parks. 


HI Open Attribute Table 






□ 


Joins and Relates 




► 




□ 0 parce 
□ 


Visible Scale Range 




Selection 






□ 0 parce 


Label Features 






□ 


Convert Labels to Annotation... 


□ 0 flood_ 


^ Convert Features to Graphics... 


□ 


Data 






E 0 eleva 


Save As Layer File... 


Va 


if Properties... 
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Now you can see the lowland shapefile but not the rest 
of the data. You'll define the coordinate system for 
lowland in the next chapter so you can display and 
overlay it with the other data. 




8. Click the Go Back to Previous Extent tool, then click it 
again. 



o # 



Go Back to 
Previous Extent 
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The other datasets should now be displayed. 




Create a layer from the elevation grid 

By default, the elevation grid is displayed using a 
grayscale. You'll be displaying the elevation grid on the 
final map later in the project, so while you're here, you'll 
create a new layer with the symbology you want to use. 

1 . Right-click elevation in the table of contents and click 
Properties. 



□ 0 flood_:one 

n 

Value 
High: 773 

Low: 323 










=■ 


% Copy 
X Remove 




[HO Open Attribute Table 

Joins and Relates ► 


<^ Zoom To Layer 
^ Zoom To Raster Resolution 
Visible Scale Range ► 




Display 1 Source | 


Set Data Source... 


J Drawing ▼ ^ (°) □ T A 


Save As Layer File... 


IDS J 


Display the properties of this layer 
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The Properties dialog box appears. 

2. Click the Symbology tab. 

3. Click the Color Ramp dropdown arrow, scroll down to 
the color ramp appropriate for representing elevation 
(from orange through yellow and green to blue), and 
click it. 




OK | Cfriwl | l 



The default for this ramp is orange for low values and blue 
for high. You want to reverse the color ramp for the 
elevation grid. 
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4. Check the Invert check box. 



G^Enal | SoufH | Exiefll | Display SymtootOfly J FieldB | Joms & PbUAhs | 



— Draw mtslrr ulrulchlng valuta ailing el calm ramp 



: 



m |l'linh 7? 3 
I 

323- | L .;,„ 



'' ; " | ■.Vi-idard Dejrvidlipns H|&lotil*fii 

II 2 F? Irfv*|! 



f f Etapaer/ NoDaia an 



5. Click the Display tab and type 50 in the Transparent text 
box. 




This will make the colors less intense, so it will be easier to 
see the other layers displayed on top of the grid. 
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6. Click OK. The grid is displayed using the color ramp 
and transparency settings you specified. 




So far, the display settings for the elevation grid are valid 
only for the current map. To make sure the grid is displayed 
this way when you create your final map, you'll save it as a 
layer file. 

7. Right-click elevation and click Save As Layer File. 




Display [Source | 



<^ Zoom To Layer 
^ Zoom To Raster Resolution 
Visible Scale Range 



Drawing ▼ >t C°) I □ T A T 



3 
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The Save Layer dialog box appears. 

Navigate to the City layers folder, name the layer 
elevationgrid, and click Save. 

HE] 

Look in: CityJayers ]] ^ W- 



flood_zone.lyr 
streets, lyr 



Belevat iQn_grid 
Save as type: Layer files f .lyr) 



Now when you want to display the elevation grid again, 
you can just add the elevation grid layer to the map and it 
will be drawn using the display settings you specified. 

Layers store a shortcut to a data source and, optionally, 
information about how the data should be displayed on the 
map. Any time you add a dataset to a map in ArcMap, you 
create a layer since the map stores the data source and the 
symbology associated with it. When you save the map, the 
layer information is also saved. 

As you've seen, you can also create layers as separate files. 
These layer files can be used to store symbology and other 
information, so the data is displayed the same way each 
time it is added to a map (as you just did with the elevation 
grid layer). They can also be used to access a data source 
without having to navigate to the actual location of the data 
(as you did earlier with the streets and floodzone layers). 
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Save your map 



The map you've been using to assemble your project 
database is a working map. You'll be displaying and using 
some of these same layers in the next chapter. Save the map 
now so you can use it in the next chapter and won't need to 
add the layers again. 

1. Click File and click Save. 





File Edit View insert Selection Tools Window Help 


_ 


□ New... Ctrl+N 
Open... arl+O 








Save As... 




Add Data... 

Add Data from Geography Network... 


jj Page Setup... 

Print Preview... 
# Print... 


^ Map Properties... 



2. Navigate to the project folder. 

3. Type "wastewater data" in the File name text box. 



ISave As 




^^11 


Save in: | _J project 


jj d*| 


mm 


1 Analysis 






_|City_layers 






_ICity_share 






Z]Coun1y_sriare 






_|State_share 








Filename: | waste wate r d ataj 


Save 


Save as type: ArcMap Documents (*.mxd) 




Cancel 





4. Click Save. 
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You're done using ArcMap for the time being, so go ahead 
and close it. 

5 . Click File and click Exit, or simply click the Close 
button (x) in the upper-right corner of the ArcMap 
window. 
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Cleaning up the Catalog tree 



At this point, you've made folder connections, created and 
copied folders, and created layers to organize your project 
database. The Catalog tree in ArcCatalog is beginning to 
appear cluttered. Before you begin working with the data in 
the next chapter, clean up the Catalog tree. This will make 
it easier to find the data you need later on. 

The connection to the tutorial folder you created in 
Chapter 2 is unnecessary now that you have copied the 
project folder and the files supplied by the City, County, 
and State. Deleting this connection will make more room in 
the tree. 

1 . Right-click the ArcGIS\ArcTutor\Getting_Started\ 
Greenvalley folder connection and click Disconnect 
Folder. 



9 Catalog 

□■■a ca 

E-{J C:\ArcGIS\ArcTutor\G 
C:\project 
[±]-d Analysis 
□■■O Cityjayers 

elevation_grid 
flood_zone 
streets 
S-Q City_share 
S-CU County_share 
B -Q State_share 
WaterProject 



m 


Copy 
Paste 


Ctrl+C 
Ctrl+V 


m 


Disconnect 


Folder 




Refresh 






New 




Q Search... 




Properties.. 





The folder connection is removed from the Catalog tree. 
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Now the Catalog shows only the data that you need for the 
project. (You may need to click View and click Refresh or 
close and reopen ArcCatalog to see the elevation grid layer 
and the wastewater data map you created since you last 
used ArcCatalog.) 



61 Catalog 

C:\ 

i -CJ Analysis 
| El-© Cityjayers 

: elevation_grid 
flood_zone 
streets 
j fi-CJ City_share 
j image 

j Q"l historic 
| [j-^ land 

l-O parcelj 
l O parcel_2 
| Q-^ utility 

B-S 1 junction 
| County_share 

\~S river 
| State_share 
j S-H elevation 
l -O lowland 

^ © state_dot 

| S-3 WaterProject 

! -S parks_polygon 
j $-H cityjogo 

wastewater data 

D:\ 



Getting Started with ArcGIS 



In this chapter, you have assembled the available data into 
an organized project database and reviewed the data. Some 
of the data will need additional processing before you can 
use it in the analysis. The two adjacent parcel tiles will 
need to be merged into one layer. You'll also need to 
transform the river shapefile into the same coordinate 
system as the rest of the City's data since it will become 
part of the City's permanent database. Since the elevation 
data will only be used for this project, you don't need to 



transform the data, but you do need to define the coordinate 
system for the lowland shapefile. Finally, you'll recall from 
the project planning in Chapter 4, 'Planning a GIS project', 
that you'll need to update the parks layer to include the 
new historic park. Here's a list of the layers you'll be 
working with, their new location in the project folder, and 
the processing required for each. 

You'll undertake the data preparation tasks in the next 
chapter. If you're continuing on, keep ArcCatalog open. 



Name 


Format 


Location 


Processing 


ELEVATION 


Grid 


State_share folder 


None 


LOWLAND 


Shapefile 


State_share folder 


Define coordinate system 


FLOOD_ZONE 


Layer file (from geodatabase) 


ClTY_LAYERS FOLDER 


None 


RIVER 


Shapefile 


County_share folder 


Define coordinate system; Project to city's 
coordinate system; Export to geodatabase 


PARCEL_1, 
PARCEL_2 


Shapefiles (tiled) 


City_share\land folder 


Merge layers 


PARKS_POLYGON 


Geodatabase 


WaterProject geodatabase 


Update with new historic park 


HISTORIC.TIF 


Scanned image 


City_share\image folder 


Digitize into parks feature class 


JUNCTION 


Coverage 


City_share\utiuty folder 


None 


STREETS 


Layer file (from geodatabase) 


ClTY_LAYERS FOLDER 


None 
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Preparing data for analysis 



6 



IN THIS CHAPTER 

• Defining a coordinate system 

• Projecting a shapefile 

• Exporting a shapefile to a 
geodatabase 

• Digitizing a new feature 

• Merging two datasets 



Now that you have collected and organized the available data, you'll need 
to prepare the data for analysis. Some of your data is usable as is, but some 
needs additional processing. Making data usable for analysis can 
encompass a variety of tasks. 

Unless GIS data is in the same coordinate system, it will not display or 
overlay correctly. ArcMap is able to match the coordinate systems of 
two different data sources, so you can display them together, as long as the 
coordinate systems are defined for both. However, if the data will become 
part of a permanent GIS database, you'll want to make sure it is in the same 
coordinate system and same data format as the rest of the database. 

You may need to update or modify existing features based on more recent 
information. This can include modifying or adding spatial features or 
changing or adding values in a dataset's attribute table. 

Features are sometimes stored as sets of adjacent tiles such as map sheets in 
a series. For analysis, it's often easier to join adjacent datasets into a single 
set of features so you can work with all the features at once. 

You may also need to obtain new data for your project based on the 
requirements of the analysis. In some cases you may be able to get data in a 
usable format from another organization locally or on the Internet (either 
for free or by buying it from a commercial source). In other cases, you'll 
need to create the data by digitizing or scanning from a paper map or 
converting the data from a table or list (such as a list of customer 
addresses). 
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Data preparation tasks 



For this project, you'll need to perform several tasks to 
prepare your data for analysis. You'll be working with data 
from various sources and in various formats: shapefiles, 
geodatabase feature classes, coverages, and rasters. ArcGIS 
lets you display and combine data in these formats without 
converting it. You'll define the coordinate system for the 
lowland shapefile so it can be displayed and combined with 
the other data. Then you'll project the river shapefile to the 
same coordinate system as the City's existing data and 
export it to the WaterProject geodatabase so it's ready to be 
placed into the City's geodatabase. The section "What are 
coordinate systems?" later in this chapter provides a brief 
overview of coordinate systems and map projections. 

You'll also update the parks feature class with the new 
historic park so it, too, is ready to be placed back into the 
City's geodatabase. Finally, you'll merge the two parcel 
layers that comprise your study area. 
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Here are the processing steps to prepare the data for 
analysis: 

• Define the coordinate system for the elevation data. 

• Project the river shapefile to the City's coordinate 
system. 

• Export the river shapefile to the WaterProject 
geodatabase. 

• Digitize the historic park into the parks feature class. 

• Merge the parcel layers. 

You'll primarily be working with shapefiles since that's 
how most of the data came to you, but you'll also be 
working with data in the WaterProject personal 
geodatabase. A personal geodatabase is useful for 
processing data on a local computer that will become part 
of a large, multiuser geodatabase. 
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Defining the coordinate system for 



The elevation grid and lowland file are in a different 
coordinate system than the rest of the data. That's not a 
problem as long as the coordinate system is defined for 
those datasets. Without this information, however, ArcMap 
can't do a geographic transformation and the data can't be 
displayed or overlaid with the other project data. While the 
coordinate system for the elevation grid is defined, when 
the lowland shapefile was created from the grid, the 
coordinate system information was not included. You need 
to define the coordinate system for the shapefile. 

If you closed ArcCatalog at the end of Chapter 5, 
'Assembling the database', you'll need to reopen it now. 

Check the coordinate system information 

Before defining the coordinate system for the lowland 
shapefile, you'll check the coordinate system definitions 
for the City data and for the elevation grid. You'll do this 
by examining the metadata for the datasets. 

1 . In ArcCatalog, navigate to the WaterProject geodatabase 
under the project folder in the Catalog tree. 

2. Open the database to list its contents, then click the 
parks_polygon feature class. 

E"{J C:\project 
j EE-CH Analysis 
j Cityjayers 

Ej]--C] City_share 
j Eb"@ County_share 
| Etl- @ State_share 
I fi-jj WaterProject 

! -S parks_polygon 
j s-H cityjogo 

L -@ wastewater data 
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elevation data 



This feature class, which you copied from the City's 
GreenvalleyDB, is in the same coordinate system as the 
rest of the City's data. 

3. Click the Metadata tab. 

4. Click the Spatial tab in the metadata panel. 



Contents | Preview Metadata | 



parks_polygon 



Personal GeoDatabase Feature Glass 



Description 



Spatial^ | Attributes 




Keywords 

Theme: city parks 

Description 
Abstract 

City of Green valley parks and recreation 
facilities. 

Purpose 

planning and facilities management 
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Contents | Preview Metadata 



parks_polygon 

Personal GeoDatabase Feature Class 



Description I Attributes 



Horizontal coordinate system 

Projected coordinate system name: 
P C S_Tra n s ve rse_ M e rca to r 
Geographic coordinate system name: 
GCS_North_American_1983 
Details 



You can see that the coordinate system for the 
parks_polygon feature class uses a Transverse Mercator 
projection. 

Metadata contains information about each dataset. Some of 
the information is assigned and maintained automatically 
by ArcGIS; other information you add interactively. 
Metadata is invaluable when sharing datasets and for 
documenting GIS projects. 

In this project you'll use metadata to get information you 
need for several of the steps. Metadata lets you store a 
great deal of information about a dataset: source, 
processing status, data quality, attribute values, and much 
more. For several of the datasets, we've provided some of 
the key information you'll need for the project. 

In an actual GIS project you'd also use metadata to keep 
track of modifications you make to existing datasets and to 
document new datasets you create during the project. 
Adding or updating the metadata for a dataset takes a little 
extra time, but it pays off if you need to reuse the dataset in 
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the future, share it with another department or organization, 
or reconstruct your processing steps. 

Now check the coordinate system for the elevation grid. 

5. Navigate to the State share folder in the Catalog tree, 
open it, and click elevation. 



C:\project 
^■■O Analysis 
Et]-($ Cityjayers 
EE-CH City_share 
County_share 
State_share 

O lowland 
@ state_dot 
WaterProject 
parks_polygon 



6. Click the Spatial tab (when you select a new dataset, 
ArcCatalog defaults the metadata display to the 
Description tab). 



Contents | Preview Metadata 




elevation 

Raster Dataset - ESRI GRID 








Description! Attributes 








Horizontal coordinate system 

Projected coordinate system name: 

Use r_ Def i n ed _ La m be rt_Az imuthal_Equal _Area 

Geographic coordinate system name: 

GCS_User_Defined 

Details 
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You can see that the elevation grid is in a coordinate 
system that uses a Lambert Azimuthal Equal Area 
projection. 

Finally, check the coordinate system information for the 
lowland shapefile. 

7. In the State share folder, click lowland. 

8. Click the Spatial tab. 

The metadata lists the bounding coordinates for the 
shapefile but doesn't list the coordinate system since it 
is unknown. 

When you previewed the data in Chapter 5, 'Assembling 
the database', ArcMap was able to transform the elevation 
grid on the fly and display it with the other project data 
since the coordinate system was defined and stored with 
the grid. Because the coordinate system for the lowland 
shapefile is unknown, ArcMap was unable to transform it. 

Define the coordinate system for the lowland 
shapefile 

Presumably, the coordinate system for the lowland 
shapefile is the same as for the elevation grid since the 
shapefile was originally created from that grid. But you 
don't know for sure. Thoughtfully, the analyst at the 
Department of Transportation who sent you the data also 
included a spatial reference file that defines the coordinate 
system the department uses for all its data. You'll use the 
file state dot.prj to define the coordinate system for the 
shapefile within ArcCatalog. 



Preparing data for analysis 



1 . Right-click lowland in the Catalog tree and click 
Properties. 



State_share 
■H elevation 
S lowland 
-® state_d 1%) Copy 
ED -O WaterProje x Delete 



U parksj: 
]-H cityjogo I 
-fl) wastewate 
Database Cor 
! Internet Serve 



Rename 



Create Layer... 
Export 



F2 



ft Review/ Re match Addresses.. 



Properties.. 



The Shapefile Properties dialog box appears. 
2. Click the Fields tab. 



Shapefile Properties 



General Fields | | n dex | 





Field Name 


Data Type 




|FID 


Object ID 




Shape 


Geometry 




ID 


Double 




GRIDCODE 


Double 



























-d 



The fields in the shapefile's attribute table are listed. 
The Shape field contains the coordinate information for 
the shapefile. 
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In the Field Name list, click the row containing Shape. 

The properties for the Shape field are displayed below 
in the Field Properties list. You can see that the Spatial 
Reference property is listed as Unknown. 

Click the button with the ellipses (...) to the right of 
Spatial Reference. 



Shapefile Properties 



General Fields | Index 



Click any field to see its properties. 



Field Name 


Data Type 


FID 


Object ID 


Shape k 


Geometry 


jlD ^ 


Double 


GRIDCODE 


Double 



















Geometry Type 


Polygon 




Avg Num Points 


0 




Grid 1 


1000 




Grid 2 


0 




Grid 3 


0 




Contains Z values 


No 




Contains M values 


No 




Default Shape field 


Yes 




Spatial Reference 


Unknown 





Import... 



To add a new field, type the name into an empty row in the Field Name column, 
click in the Data Type column to choose the datatype, then edit the Field 
Properties. 



- 



Apply 
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The Spatial Reference Properties dialog box appears. 

You'll be defining the coordinate system by selecting a 
predefined coordinate system — specifically, the one 
contained in the state dot.prj file that accompanied the 
elevation and lowland data. 

5. Click Select. 



Spatial Reference Properties 



Coordinate System | X/Y Domain | 




Import... 



Modify.- 
Clear 



Select a predefined coordinate system. 

Import a coordinate system and X/Y, Z and M 
domains from an existing geodataset (e.g., 
feature dataset feature class, raster). 

Create a new coordinate system. 

Ed it the properties of the currently selected 
coordinate system. 

Sets the coordinate system to Unknown. 



Save the coordinate system to a file. 



Apply 
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6. Navigate to the Stateshare folder under the project 
folder connection, click statedot.prj, and click Add. 

I II I II II II 1 1 II III i| II III I ^^^^^^^^^^^^^^M I 

Look in: |^ State_share ^] £>|Sj|il| fll|g§| 




The name of the coordinate system appears in the 
Spatial Reference Properties dialog box, and the details 
are listed. You can see that they're the same as for the 
elevation grid. 



Spatial Reference Properties E_ 



Coordinate System | X/Y Domain | 



Name: U s e r_D ef i n e d_Lam b e rt_Az imuthal_Equal_Area 



Details: 



Alias: 








Abbreviation: 








Remarks: 








Projection:Lambe rt_Az imuthal_Equal_Area 






Parameters: 








False_Easting: 0.000000 








False_Northinq: 0.000000 








Central_Meridian: -1 1 7.000000 






Latitude_Of_Origin: 34.000000 






Linear Unit: Meter (1 .000000) 








Geographic Coordinate System: 






Name: GCS_User_Defined 








Alias: 










o 
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7. Click OK to close the Spatial Reference Properties 
dialog box. 

The name of the coordinate system now appears in the 
Field Properties list. 



Click any field to see its properties. 
-Field Properties — 



Geometry Type 


Polygon 




Avg Nurn Points 


0 




Grid 1 


1000 




Grid 2 


0 




Grid 3 


0 




Contains Z values 


No 




Contains M values 


No 




Default Shape field 


No 




Spatial Reference 


User Defined Lambert Azim 





8. Click OK to close the Shapefile Properties dialog box. 

You can verify the new coordinate system in the 
metadata. 

9. Click View and click Refresh, then click the Spatial tab. 



File Edit 


View 


Go Tools Help 




Toolbars ► 
p~ Status Bar 
Catalog Tree 
Identity Results 


La 


afresh F5 
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You can see that the coordinate system for the lowland 
shapefile is now defined. 

Contents | Preview Metadata | 

lowland 

Shapefile 

Description Attributes 

Horizontal coordinate system 

Projected coordinate system name: 
User_Defined_Lambe rt_Az imuthal_Equal _Area 
Geographic coordinate system name: 
GCS_User_Defined 
Details 



With the coordinate system defined, the lowland shapefile 
should now display correctly with the other project data 
and can be used in overlay operations during the analysis. 
You can check this in ArcMap. 

10. Click the Launch ArcMap button on the toolbar. 



0L 


3 











Launch ArcMap 
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11. In the startup dialog box, click "wastewater data.mxd" 
and click OK (if the startup dialog box doesn't appear, 
click File on the ArcMap toolbar and click "wastewater 
data.mxd"). 



ArcMap 



- Start using ArcMap with - 



C A new empty map 



r A template 



Templates provide ready-to-use layouts and base 
maps for various geographic regions. 

<* An existing map: 
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The lowland layer now appears in the same geographic 
space as the other project data. 



iDtfBft » - ft * - • ■ » [i l^ai ^ :j? *7 



0 Lay™ 



i 0 f>™l; 

D 

i a swan 

□ 



- Lowland shapefile 
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12. Click lowland in the table of contents and drag it to the 
bottom so it displays beneath the elevation grid. 

You can see the layer under the elevation grid and see 
that it does in fact encompass the lowest elevations in 
the City. 




13. Close ArcMap. You won't be using this map again, so 
click No when prompted to save changes to the map. 
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What are coordinate systems? 



Arclnfo stores features using x,y coordinates. These 
coordinates are linked to real-world locations by a 
coordinate system. The coordinate system specifies a 
datum and a map projection. 

Datum 

A datum is a mathematical representation of the shape of 
the earth's surface. A datum is defined by a spheroid, which 
approximates the shape of the earth and the spheroid's 
position relative to the center of the earth. There are many 
spheroids that represent the shape of the earth and many 
more datums based on them. 

A horizontal datum provides a frame of reference for 
measuring locations on the surface of the earth. It defines 
the origin and orientation of latitude and longitude lines. A 
local datum aligns its spheroid to closely fit the earth's 
surface in a particular area; its origin point is located on the 
surface of the earth. The coordinates of the origin point are 
fixed, and all other points are calculated from this control 
point. The coordinate system origin of a local datum is not 
at the center of the earth. NAD27 and the European Datum 
of 1950 are local datums. 
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Local datum 
coordinate system 




Earth's surface 
Earth-centered datum (WGS84) 
Local datum 



Earth-centered datum 
coordinate system 



In the last 15 years, satellite data has provided geodesists — 
mathematicians concerned with the precise measurement of 
the shape and size of the earth — with new measurements to 
define the best earth-fitting ellipsoid, which relates 
coordinates to the earth's center of mass. Unlike a local 
datum, an earth-centered, or geocentric, datum does not 
have an initial point of origin. The earth's center of mass is, 
in a sense, the origin. The most recently developed and 
widely used datum is the World Geodetic System of 1984 
(WGS84). It serves as the framework for supporting 
locational measurement worldwide. GPS measurements are 
based on the WGS84 datum. 
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Map projection 



Map projections are systematic transformations of the 
spheroidal shape of the earth so that the curved, three- 
dimensional shape of a geographic area on the earth can be 
represented in two dimensions, as x,y coordinates. 

Maps are flat, but the surfaces they represent are curved. 
Transforming three-dimensional space onto a two- 
dimensional map is called "projection". Projection 
formulas are mathematical expressions that convert data 
from a geographical location (latitude and longitude) on a 



Earth's 



surface 




Projection 



Map surface 
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sphere or spheroid to a representative location on a flat 
surface. 



This process inevitably distorts at least one of these 
properties: shape, area, distance, or direction. For small 
areas, such as a city or county, the distortion will probably 
not be great enough to affect your map or measurements. If 
you're working at the national, continental, or global level, 
you'll want to choose a map projection that minimizes the 
distortion based on the requirements of your specific 
project. 

See Understanding Map Projections and Modeling Our 
World: The ESRI Guide to Geodatabase Design for more 
on coordinate systems, datums, and map projections. 
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Projecting the river shapefile 



The next task is to project the river shapefile into the same 
coordinate system as the data in the City's GreenvalleyDB 
geodatabase. According to your colleague at the County 
Water Resources Department, the river shapefile is in 
geographic coordinates (latitude and longitude). The rest of 
the data in the City's database is in the Transverse 
Mercator coordinate system, which is a projected 
coordinate system. As long as a dataset is in geographic 
coordinates, ArcMap can transform it on the fly to display 
and overlay it with the other data (as you saw in the last 
chapter). 

However, the river data will eventually be placed into the 
City's GreenvalleyDB database, so you'll want to project it 
into the same coordinate system as the rest of the City's 
data to be consistent. 

Projecting the shapefile is a two-step process: first you'll 
define the coordinate system for the shapefile; then you'll 
define the output coordinate system and project the file. 
You'll do both of these tasks in ArcToolbox. ArcToolbox 
contains a number of data management and conversion 
tools and wizards. 

Define the coordinate system for the river 
shapefile 

1 . In ArcCatalog, click the Launch ArcToolbox button on 
the toolbar. 





a 


•1 









Launch ArcToolbox 
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The ArcToolbox window appears. 

2. Double-click Data Management Tools in the 

ArcToolbox tree; double-click Projections, then double- 
click Define Projection Wizard. (If you are using 
Arclnfo you will see additional tools not shown here.) 



I ArcToolbox | [rf| 


Tools Help 


El -fc Conversion Tools 
B"V Data Management Tools 

1 | !■■'"© About Data Management Tools 
Projections 

1 | !"'"© About Projections 




; Project Wizard (shapefiles.. geodatabase] 

EE-^ My Tools 




Wizard for defining the coordinate system of shapefiles, feature classes and feature datasets. 


_ 





The first screen for the wizard appears. 

You defined the coordinate system for the lowland 
shapefile using the Properties dialog box in ArcCatalog. 
The ArcToolbox Wizard provides an alternate way of 
defining a coordinate system. 
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J. 



Click the Browse button and navigate to the 
Countyshare folder under the project folder. 



Select the data you want to assign a coordinate system 

if 




4. Click river.shp and click Add. 





Look in: p County_share _*] ^ ^1 1 111 1 ™ 1 










Name: |river.shp 




Add 


Show of type: jshapefiles, geodatabase feature classes and feature datase T | 


Cancel 





The wizard lists the shapefile. The coordinate system is 
listed as GCS Assumed Geographic l. ArcGIS attempts 
to determine the shapefile's coordinate system based on the 
dataset's coordinate values. In this case, ArcGIS has 
determined that the shapefile is in geographic coordinates 
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(latitude-longitude); however, you need to explicitly define 
the geographic coordinate system before you can project 
the data. 




5. Click Next and click Select Coordinate System. 




<Back i Next> : Cancel 
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There are three ways of defining a coordinate system: using 
a predefined coordinate system stored as a .prj file, 
matching the coordinate system of an existing dataset by 
specifying the name of the dataset, or interactively 
specifying a projection and a datum and their associated 
parameters. In this case, you'll be specifying a predefined 
coordinate system. 

6. Click Select on the Spatial Reference Properties dialog 
box. 

The wizard opens the Coordinate Systems folder. 

Geographic Coordinate Systems 
Projected Coordinate Systems 



Coordinate Systems 




Show of type: [Sf: ices Cancel 



ArcGIS provides many predefined coordinate systems for 
you to use, stored as .prj files. The files include all the 
coordinate system parameters including the map projection 
type and parameters, measurement units, and so on. You 
can also define custom coordinate systems and save them 
as .prj files (for example, the state dot.prj file). 

7. Double-click Geographic Coordinate Systems and 
double-click North America. 

8. Click North American Datum 1983. prj and click Add. 
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| Browse for Coordinate System 




Look in: |_| North America 


<M aM#l [s«|aa| 



J? Alaskan Islands. prj 
^American Samoa 1962. prj 
^ATS 1977. prj 
^Barbados, prj 
^Bermuda 1957. prj 
^Cape Canaveral, prj 
^Guam 1963.prj 
^Jamaica 1875.prj 
^Jamaica 1969.prj 



NAD 1927 (CGQ77).prj 
^NAD 1927 (Definition 1976). prj 
^NAD Michigan.prj 
North American 1 983 fCSRS98).prj 
North American 1 983 HARN.prj 
North American Datum 1 927. prj 




Name: |North American Datum 1 983. prj 

Show of type: | Spatial references 



"3 



pQornoq.prj 
P St._George_ls 
frSt._Lawrence_ 
&St._Paul_lslan 



Cancel 



The coordinate system information is displayed in the 
Details window. 
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Coordinate System 



Name: GCS North American 1983 



Details: 



Alias: 

Abbreviation: 
Remarks: 

Angular Unit: Degree (0.01 745329251 9943295) 
Prime Meridian: Greenwich (0.000000000000000000) 
Datum: D_North_American_1 983 
Spheroid: GRSJ980 

Semimajor Axis: 63781 37.000000000000000000 
Semiminor Axis: 6356752.31 4140356100000000 
Inverse Flattening: 298.2572221 01 000020000 



9. Click OK to close the Spatial Reference Properties 
dialog box, then click Next. 



Getting Started with ArcGIS 



The wizard summarizes the coordinate system 
information. 



Summary of your input 



Input Datasets: 

C:\project\County_share\river.shp 

GCS_North_American_1 983 

G e □ g rap h i c Co o rd i n ate Syste rn 
Name: GCS_North_American_1 983 
Alias: 

Abbreviation: 
Remarks: 

Angular Unit Degree (0 01 745329251 9943295) 
Prime Meridian: Greenwich (0.000000000000000000) 
Datum: D_North_American_1 983 
Spheroid: GRSJ980 

Semimajor Axis: 63781 37.000000000000000000 
Semiminor Axis: 6356752.31 41 403561 00000000 
Inverse Flattening: 298.2572221 01 000020000 



10. Click Finish. 

The coordinate system of the river shapefile is now 
defined. To verify this, in ArcCatalog navigate to the 
Countyshare folder, click river, click the Metadata tab, 
and click the Spatial tab. The coordinate system is now 
listed as GCS_NorthAmerican_1983 (you may need to 
close ArcCatalog and restart it to see this). 

Project the shapefile 

When you define a coordinate system, you simply tell 
ArcGIS what projection the dataset uses and what units the 
coordinates are stored in. When you project a dataset, on 
the other hand, ArcGIS actually creates a new dataset with 
the coordinates transformed from the existing coordinate 
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units (in this case, decimal degrees) to a new coordinate 
system (in this case, Transverse Mercator meters). You 
specify the input dataset and the coordinate system to 
project into, and ArcGIS creates the new dataset. 

Because you have data that is already in the Transverse 
Mercator coordinate system used by the City, you can 
simply specify a dataset to match to. The wizard will get 
the coordinate system parameters from the existing dataset 
and create a new river shapefile in that coordinate system. 

1. In ArcToolbox, double-click Project Wizard. 



|| ArcToolbox 



Tools Help 



+ Ljj Conversion Tools 

E Data Management Tools 

;■■■■© About Data Management Tools 
Projections 

About Projections 
/ Ij uLh ri 



: /* \ 

+ L^jj My Tools 



Wizard for projecting shapefiles, feature classes and feature datasets to a different coordinate 
system. 



2. Click the Browse button on the wizard and navigate to 
the County share folder under the project folder. 

3. Click river. shp and click Add. 
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Select the data you want to project 

i E. -'".rsiiJ 




The shapefile name and coordinate system you defined 
appear in the window. 

4. Click Next. 

The wizard asks you to specify a name for the projected 
shapefile and a location where it will be stored. You'll put 
it in the Cityshare folder since it will eventually become 
part of the City's database. You'll name it river02prj since 
it will be the second version of the river dataset and will 
have been projected. 

5. Click the Browse button and navigate to the project 
folder. Double-click City share, then type river02prj in 
the Name text box. 
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I City_share 



"3 M ^Mg| [^«f|aa| 




■prj.shp 




Save 




| Geodatabases, feature d : olders 


J 


Cancel 



6. Click Save. 

The City share folder is listed as the location to store 
the projected shapefile river02prj. 



v Project Wizard (shapefiles. 



Specify the feature class that will be created 



feature dataset or folder to store the output. You must specify a new name for the output dataset. 
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7. Click Next. 



The wizard asks you for the coordinate system into 
which to project the river shapefile. 

8. Click Select Coordinate System. 

The Spatial Reference Properties dialog box appears. 

This is the same dialog box you used to define the 
coordinate system for the lowland shapefile and the river 
shapefile. In those cases you specified a spatial reference 
(.prj) file. This time you'll specify an existing dataset from 
which to get the coordinate information. You know the 
parks feature class is in the right coordinate system since 
you copied it directly from the City's existing geodatabase. 

9. Click Import and navigate to the WaterProject 
geodatabase under the project folder connection. 

10. Click parks_polygon and click Add. 

Look in: |0 WaterProject.mdb ^] £>|Sj|il| ffl|Sg | 



|parks_polygon Add 
i i i latasets ^ Cancel 



The dialog box displays the coordinate system, and you 
can see it's the correct one: PCS Transverse Mercator 
(PCS stands for Projected Coordinate System). 
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11. Click OK to close the dialog box. 

The wizard presents a summary of the output 
coordinate system parameters. 



Select the coordinate system you want to assign to the data 



. or 

Alias: 

Abbreviation: 
Remarks: 

Proj e cti o n : Tran sve rs e_M e rcato r 
Parameters: 

False_Easting: 500000.000000 

False_Northing: 0.000000 

Central_Meridian: -1 1 7.000000 

Scale_Factor: 0.999600 

Latitude_Of_Origin: 0.000000 
Linear Unit: Meter (1 .000000) 
Geographic Coordinate System: 

Name: GCS_North_American_1 983 

Alias: 

Abbreviation: 




12. Click Next. 

The wizard shows you the output extent of the 
projected file. 

13. Click Next, then click Finish. 

The Project Wizard projects the river shapefile to match the 
coordinate system of the data in the City's database. The 
projected shapefile, river02prj, is saved in the City share 
folder. 

14. You're finished using ArcToolbox, so go ahead and 
close it by clicking the x in the upper-right corner of the 
window. 
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Exporting the river shapefile to the geodatabase 



The projected river dataset will eventually go into the 
City's geodatabase. You'll export the dataset to a feature 
class in the WaterProject geodatabase now, so it will be in 
the right format to be copied into the City's geodatabase 
later. 

1 . In the Catalog tree, navigate to the City share folder, 
right-click river02prj, point to Export, and click 
Shapefile to Geodatabase. (If you are using Arclnfo, you 
will see additional export options not shown here.) 



□■■%f C%_share 
m-f$ image 
E-lfjS land 
E-S^ utility 
-H river02prj 
B~f$ County_shar ^1 Copy 
' -B river X Delete 
EB-Gft State_share Rename 
+ .J WaterProjec 
B~l city_logo 
0*j wastewater c| 



Create Layer... 



I Review/ Re match Addresses... 



Hip Properties... 



J/* Shapefile to AGF 

Shapefile to Geodatabase Wizard... 



The Shapefile to Geodatabase dialog box appears. The 
name of the input shapefile is already filled in. 

2. Click the Browse button next to the Output Geodatabase 
text box and navigate to the project folder. 



■ Shapefile to Geodatabase 



input shapefile: 

| C:\project\City_share\river02prj.shp 




Select an existing feature dataset or enter a new one: 

I 3 

Enter the name of the new feature class: 



■Output settings 

Coordinate System: PCS Transverse Mercator 

Grid Size: 4801 .1 22381 31 452 

Item Names: Same items as input. 

Configuration Keyword: 

Change Settings... 



Help 



3. ClickWaterProject.mdb and click Open. 



C:\project 



"3 M ^M#l f£M 




I WaterProject.mdb 



Open 



how of type: [This filter selects for GDB workspaces and GDB feature data; T | Cancel 



The WaterProject database is added to the dialog box as 
the output geodatabase. 
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4. Click in the feature class name text box and type 
"river03exp" to indicate that this is the third version of 
the river and it has been exported to the geodatabase. 

You don't need to specify a feature dataset since you are 
creating a standalone feature class. 

5. Click OK. 



■ Shapefile to Geodatabase 



input shapefile: 



BC:\project\City_share\river02prj.shp 

Output Geodatabase: 

| C:\proje ct\WaterProject.mdb 

Select an existing feature dataset or enter a new one: 

I 3 

Enter the name of the new feature class: 



Iriver03exp 
Output settings- 



Coordinate System: PCS Transverse Mercator 

Grid Size: -1801 .122381 31 452 

Item Names: Same items as input. 

Configuration Keyword: 

Change Settings... 



Help 



Preparing data for analysis 



ArcGIS shows the progress of the export operation. When 
it finishes, navigate to the WaterProject geodatabase and 
double-click to display its contents. The riverOSexp feature 
class is listed (you may need to refresh the tree by clicking 
View and clicking Refresh to see it). 

S-ft City_share 
image 
S-@ land 
E-Sj* utility 
■-H riverOZprj 
County_share 
S-fe State_share 

■dD parks_polygon 
■Q river03exp 
cityjogo 

The next task is to update the parks layer with the new 
historic park. 



127 



Digitizing the historic park 



You need to add the new historic park to the parks layer so 
you can include it in the buffer around parks you'll create 
during the analysis. The Parks Department has not yet 
added the planned Homestead Historic Park to the parks 
feature class in the City's database, though they have 
settled on the boundary. You'll digitize the park boundary 
from a scanned image of the boundary drawn on a map. 

You'll digitize the new park into the copy of the parks 
feature class in the WaterProject geodatabase. The updated 
file will replace the original file in the City's database later, 
after the Parks Department checks to make sure the new 
park was added correctly. 

After opening a new map in which to do the digitizing, 
you'll register the scanned image to the streets layer. You'll 
then digitize the park boundary and add the attributes for 
the new park. 

Open a new map 

You'll digitize the new park in a new map in ArcMap. 
You'll need to add four datasets to the map: the existing 
parks feature class that you'll be adding the new park to; 
the scanned image of the park boundary (stored as a TIFF 
file), which you'll use as a guide while digitizing; the 
streets layer that you'll use to register the scanned image; 
and the parcel_2 coverage that you'll use to snap the park 
boundary to since the boundary aligns with the parcel 
boundaries. 

1 . Click the Launch ArcMap button on the ArcCatalog 
toolbar. 

If the ArcMap startup dialog box appears, click the option 
for A new empty map and click OK. 
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2. In ArcCatalog, navigate to the WaterProject geodatabase 
under the project folder connection and open it by 
double-clicking it or clicking the plus sign next to it, if 
necessary. 

3. Click and drag parks_polygon onto the map in ArcMap. 

4. Add the parcel_2 coverage to the map by opening the 
CityshareUand folder in ArcCatalog, clicking parcel_2, 
and dragging it onto the map. 

The parks_polygon and parcel_2 layers are displayed on 
the map. 

5. Click the Full Extent button on the Tools toolbar to see 
all of both layers. 
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6. Add the streets layer to the map by opening the 

City layers folder, clicking streets, and dragging it onto 
the map. 
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7. Now open the City_share\image folder and click and 
drag historic onto the map. 

You get a warning that the layer is missing spatial 
reference information — its coordinate system is 
undefined. 

That's OK because you'll be registering the image 
interactively to place it in the correct geographic space. 
Click OK to close the warning message. 



You'll notice that the image is not displayed even though it 
has been added to the map. That's because it's in scanner 
units (inches) rather than in geographic coordinates. 

8. Click the Full Extent button on the Tools toolbar. 



Preparing data for analysis 



When the map redraws, you can see the City data layers as 
a small dot in the upper center of the view. The scanned 
image is actually drawn in the lower center, but it's too 
small to even see. You saw a similar situation in Chapter 5, 
'Assembling the database', when you first added the 
lowland shapefile to the map. 

The extent of the image, which is in inches, is 0 to about 13 
in both the x and y directions. The extent of the other data, 
which is actual geographic space represented in UTM 
meters, is from about 478,000 to about 490,000 in the 
x direction and about 3,765,000 to 3,772,000 in the 
y direction. ArcMap attempts to draw all the data on the 
same page, so the page extent ranges from values of 0,0 in 
the lower left of the page to values of over 490,000 in the 
x direction and over 3,772,000 in the y direction. The 
image and the data are drawn in their respective parts of 
the page and end up being very small. You need to register 
the image so it is in the same geographic space as the 
streets, parcels, and parks. 

9. Right-click historic.tif in the ArcMap table of contents 
and click Zoom To Layer. 



Value 
High: 




% Copy 
X Remove 


[HO Open Attribute Table 

Joins and Relates ► 




1 Low : 


^ Zoom To Raster Resolution 
Visible Scale Range ► 


Set Data Source... 


Save As Layer File... 


[iff Properties... 



Now you can see the image. 
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Before registering the image, save the map in case you 
need to stop or take a break during the process. 

10. Click File and click Save. 

11. Navigate to the project folder. Name the map "water 
project" and click Save. 



[Save As 




24 


Save in: | Cl project T | &\ 


mm 










1 Analysis 

_ICityJayers 
_|City_share 
_|Coun1y_share 
_IState_share 
^wastewater data.mxd 




Filename: |water project 


Save 




Save as type: |ArcMap Documents (*mxd) T | 


Cancel 





You'll use this map for the rest of the project. 
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Find the park area on the streets layer 

The Parks Department added several registration marks to 
the sketch at street intersections. You'll register the image 
to the streets by interactively adding links between the 
image and the streets layer — first pointing at a registration 
mark on the image, then at the corresponding intersection 
on the streets layer. You'll need to find the area on the 
streets layer corresponding to the area covered by the 
image. To make it easier to do this, you'll first open an 
overview window, so you'll be able to see the image and 
the streets at the same time. 

1 . Click Window and click Overview. 



View insert Selection Tools 


Window Help | 




Overview... 


Magnifier... 



A small window appears showing the image. 
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The overview window displays whichever layers are 
displayed in the main window at the time you open it 
(although you can modify this once the window is created). 
By default, it also shades the area visible on the main 
screen. (Since the main window and overview window 
show the same area at this point, the shading covers the 
entire image in the overview window.) When you zoom to 
the streets, the overview window will continue to display 
the image, so you'll be able to see both. 

Now you can find the park area on the streets layer and 
zoom to it. 

The image has several streets marked on it in the vicinity of 
the park including Robin Lane, Peacock Lane, and Sparrow 
Drive. You can search for one of these on the streets layer 
to find the area the park is in. 

2. Click the Edit menu and click Find. 

File I Edit View insert Selection Tools Window Help 
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Ctrl+Z 
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Ctrl+Y 
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Cut 


Ctrl+X 




Copy 
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Paste 


Ctrl+V 




Paste Special 
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Delete 


Delete 


^3) Copy Map To Clipboard 




Find... 




Select All Elements 



Preparing data for analysis 



3. In the Find text box type "Peacock". 

4. Click the In layers dropdown arrow, scroll down, and 
click streets. 

5. Click In fields, click the dropdown arrow, and click 
NAME. 



Features | Route Locations | Addresses | 



Find: 



In layers: streets 
!v ; ~ n: _ 

Search: r All fields 

'* Infields EES 



Stop 



6. Click Find. 

Peacock appears in the list of features that have been 
found. 

7. Right-click Peacock and click Zoom to feature(s). 



Right-click a row to show context menu 






Value 










Peacock 












Flash feature 




















Identify feature (s) 










Set Bookmark 






One objectf 


Select feature(s) 
Unselectfeature(s) 









The map displays the area that includes Peacock Lane. The 
overview window still displays the image. You may want to 
enlarge the overview window so it's easier to see the 
image — simply click and drag one of the corners of the 
window. You may also want to move the overview window 
to make it easier to see the streets. 
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8. Click Cancel to close the Find dialog box. 

To make sure you're in the right area, label the streets. 

9. In the table of contents, right-click streets and click 
Label Features. 

You can see that you're in the area that includes the park. 

10. Use the Zoom In tool on the Tools toolbar to draw a box 
around the four street intersections that correspond to 
the control points on the scanned image. Use the image 
displayed in the overview window to orient yourself. 
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1 1 . Close the overview window. 
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Now the display is zoomed to the area corresponding to 
the image. 
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12. You won't need to display parcel_2 for the next set of 
steps, so uncheck the layer to make it easier to see the 
streets. 
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Register the scanned image 



Now you're ready to register the image to the streets layer. 
You'll do this by adding links between the control points 
on the image and the corresponding street intersections on 
the streets layer. This is known as georeferencing. ArcMap 
requires a minimum of three links to transform the image — 
rotating, scaling, and warping it as needed to fully register 
it to the streets. 

1. Click the View menu, point to Toolbars, and click 
Georeferencing. 



File Edit|View Insert Selection Tools Window Help 
Data View 
L^ Layout View 



Zoom Layout 
Bookmarks 



[W lable Of Contents 
p~ Status Bar 

Overflow Labels... 

Identify Results... 
pE Scrollbars 
^ Rulers 

Guides 
LI Grid 

[TP Data Frame Properties... 



Main Menu 
Standard 
Tools 
Draw 
Layout 

Zoom Toolbar 
Utility Network Analyst 
Editor 

Effects 

Dimensioning 
Data Frame Tools 
Versioning 
Graphics 
Edit Cache 



Customize... 



The Georeferencing toolbar appears. 
2. Click the Layer dropdown arrow and click historic.tif. 



Georeferencing 


* 


Georeferencing T 
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Preparing data for analysis 



3. Click the Georeferencing dropdown arrow and click Fit 
To Display. 



|Georeferencing 
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eoreferencing 




Flip or Rotate ► 

ArcMap scales the image to fit in the current window. 
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Since the window is currently zoomed to the four street 
intersections that match the registration marks on the 
image, the streets and the image are displayed at 
approximately the same scale. You can see, though, that the 
control points aren't located exactly at the intersections. 
You'll add three links to register the image. To make it 
easier, you'll use a magnifier window. You can add control 
points within the magnifier window. 
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4. Click Window and click Magnifier. 



View insert Selection Tools |Window Help | 




Overview... 


Magnifier... 



A small window appears with a default magnification of 
400 percent. 
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When you drag the window and release the mouse button, 
it magnifies the portion of the display it is currently on top 
of by 400 percent. 

5. Click the Add Control Points button on the 
Georeferencing toolbar. 



The cursor turns into a crosshair. 

6. Drag and center the magnifier window over the 
registration mark in the upper right, labeled 602, and 
release the mouse button. If necessary, reposition the 
window so you can see both the registration mark and 
the corresponding street intersection (Robin and 
Sparrow) within the window. 
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Note that the registration mark and intersection may be 
in slightly different positions on your map. 

7. Center the cursor over the registration mark and click. 

A green control point is added to the image. Move the 
cursor away from the control point but don't click again. 

A line stretches from the control point as you move the 
cursor. This is the link — you'll connect the other end of 
it to the corresponding street intersection. 

Center the cursor over the intersection of Robin and 
Sparrow on the streets layer (you can see the link stretch 
as you do this) and click. 




Add Control Points 
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Robin 



L 



Then click here 



You've added the other end of the link. The second control 
point is shown as a red crosshair. The image is now shifted 
so the upper-right corner of the image is in the right 
location (at the corner of Robin and Sparrow). However, 
not all registration marks are located exactly at the 
intersections. You'll add a couple more links to achieve 
better registration. 

Before you add the next link, look at the link table. 

9. Click the View Link Table button on the Georeferencing 
toolbar. 



□1 


historic.tif 











View Link Table 



For each link, the table lists the x- and y-coordinates for the 
source (the scanned image) and the corresponding 
coordinates for the map (the streets layer). 

If you make a mistake and need to delete a link, select it 
and click the Delete button, which looks like the letter x. 



Preparing data for analysis 



I Link | X Source | Y Source | XMap | Y Map | Residual | 
M 12.754647 12.599141 480743.8139... 3771582.822... 0.000000 



F Auto Ad just Transformation: |1 st Order ^} Total RMS Error: |~~ 



Load... Save... 



J 



10. Click Cancel to close the Link Table. 
Now you'll add the other two links. 

1 1 . Drag and center the magnifier window over the 
registration mark in the upper left, labeled 601, and 



release the mouse button. 
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If necessary, reposition the window so you can see both the 
registration mark on the image and the corresponding street 
intersection. 

12. Center the cursor over the registration mark and click. 

13. Center the cursor over the intersection and click to add 
the second control point. 



Magnification: -100% [Live] 




hi ire. 



The image adjusts slightly. Now add the third link in 
the same manner. 

14. Drag the magnifier window over the registration mark 
in the lower right, labeled 473. 

15. Click on the registration mark, then click on the 
intersection. 

The image shifts again. 
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Now the control points match up pretty closely with the 
intersections. You could add a fourth link, but at this point 
the registration is acceptable for your purposes. 

16. Click the Georeferencing dropdown arrow and click 
Update Georeferencing to save the new registration. 



J | Georeferencing T 


Layer: | historic.tif 


\7m 






Rectify... 




Fit To Display 




Flip or Rotate 







You don't need the control points anymore. 

17. Click the Georeferencing dropdown arrow and click 
Delete Control Points. Then close the Georeferencing 
toolbar. 

Keep the magnifier window open since you may want to 
use it when digitizing the park boundary. 
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Display the park boundary and the parcels 

You need to be able to see the image underneath the parcels 
when digitizing, so you'll draw the parcel outlines. 

1 . Click the legend symbol under parcel_2 in the table of 
contents. 



□ ^ Layers 

□ 0 streets 



□ □ po.t 



B 0 parks_polygon 



2. In the Options panel on the Symbol Selector dialog box, 
click the Fill Color dropdown arrow and click No Color. 



Options- 
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No Color 
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Properties I 



More Syrnt_ 
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3. Click the Outline Color dropdown arrow and set the 
color to red. 
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_MoreSymt -n □□□□□□□ 



OK 



More Colors... 



4. Click OK. 

5. Check the box next to the parcel_2 layer to draw the 
parcels. 

You don't need to display the streets or the street names at 
this point, but you'll keep the layer on the map for use in 
the analysis phase of the project. 

6. Right-click streets in the table of contents and click 
Label Features (it's currently checked) to turn off the 
street name labels. 

7. Uncheck the streets layer so the streets are no longer 
displayed. 
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Now your display should show only the parcel boundaries 
in red on top of the image. 
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8. Click File and click Save to save your map display. 

You can see that the parcel boundaries in the parcel_2 layer 
match up pretty well — but not exactly — with the parcel 
boundaries on the image. Since you'll be snapping the 
boundary to the parcel_2 layer and using the image merely 
as a guide for digitizing the park boundary, this registration 
is acceptable. If you were digitizing solely by tracing from 
the image, you would want to make sure the image was as 
closely registered to the streets as possible. To do this, you 
could add more links. In any case, the registration might 
never be exact because of factors such as distortion on the 
scanned image, the placement of registration marks on the 
image, and slight differences in the location of the streets 
on the image (created from a paper map) and in the GIS 
database. 
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Prepare to digitize the park boundary 



You'll align the park boundary exactly with the surveyed 
parcel boundaries by snapping to the parcel_2 layer. First 
you need to set up the digitizing environment. 

1 . Zoom in to the park by using the Zoom In tool on the 
Tools toolbar to draw a box around the park boundary. 
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While you're here, add a bookmark to use when you start 
digitizing the boundary. 

2. Click the View menu, point to Bookmarks, and click 
Create. Name the bookmark Park Boundary and click 
OK. 

3. Click the Editor Toolbar button. 
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Editor Toolbar 
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4. Click Editor and click Start Editing. 



Editor 
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Editor T 






Task: 


Create New Feature 



Start Editing 



Stop Editing 



ave Edits 



The Start Editing dialog box appears. You'll be adding a 
feature to the parks polygon feature class you copied to 
the WaterProject geodatabase, so select it as the 
database to edit data from. 

5. Click project\WaterProject.mdb, then click OK. 



Which folder or database do you want to edit data from? 



C:\ArcGIS\Arc 
C:\project\Ci1y_share\land 




The Editor toolbar shows that the target layer (the one you 
are editing) is parks_polygon and the current editing task is 
Create New Feature. 



Editor ^ |[V 



► | ^ ' | Task: | Create New Feature | Target: |parks_polygon : parks_p 0 | 



Preparing data for analysis 



Now set the snapping environment so the new park 
boundary will align exactly with the existing parcel 
boundaries. 

6. Click Editor, then click Snapping. 

7. Check the box in the Vertex column for the parcel_2 
layer. 
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This will snap the editing cursor to the vertices of the 
parcels. 

8. Close the Snapping Environment dialog box. 

The snapping tolerance defines how close the cursor must 
be to an object before it snaps to that object. You can 
change the snapping tolerance by choosing Options from 
the Editor menu. For this exercise you don't need to change 
the snapping tolerance. 
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Start digitizing the boundary 

1 . Click the Create New Feature tool. 



1 Editor 


Editor T 







Create New Feature 

It may help you to zoom in to the northeast corner of the 
park — you can use the Pan and Zoom tools while you are 
digitizing. Just click the Zoom tool, drag a rectangle around 
the area you want to see, and click the Create New Feature 
tool again to resume digitizing. Then use the bookmark you 
created to display the full park boundary again. Or, use the 
magnifier window. You can move the window — and move 
the cursor in and out of the window — while digitizing. 

If you make a mistake while digitizing, click the Undo 
button on the ArcMap Standard toolbar. 
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Undo 



2. Move the editing cursor over the northeast corner of the 
Homestead Historic Park boundary. 

The existing parcel boundaries are drawn with red lines, 
and the park boundary is drawn with a heavy black line. 
You'll snap to the existing parcel boundary. The digitizing 
cursor is shown as a blue dot with a crosshair. When the 
cursor gets within the snapping tolerance of the parcel 
corner, the blue dot snaps to the vertex. 
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3. Click the northeast corner of the park to start your edit 
sketch. 

4. Move the cursor to the southeast corner of the park. 
There are two vertices here. Make sure that the cursor 
snaps to the southernmost vertex. Click the vertex. 




After you add the second point, a line is drawn back to the 
first point in your sketch to create a polygon that stretches 
as you move the cursor. 
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5. Move the cursor to the southwest corner of the park. 
There are two vertices here. Click the southernmost 
vertex. 
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Place a vertex by angle and distance 



The next segment of the park boundary is only half as long 
as the parcel boundary. The scanned image includes 
dimensions for each segment. You'll use the dimensions to 
place the next two vertices using angle and distance. 

1 . Place the cursor near the parcel boundary line at the 
corner of the park. Right-click and click Parallel. 
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Now the cursor is constrained to be parallel to the parcel 
boundary. 

2. Right-click again and click Angle/Length. 
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The Angle/Length dialog box appears. 
3. Click in the Length text box and type "98". Press Enter. 



Angle/Length 



90.0668 



The length of this segment of the park boundary as shown 
on the image is 98 meters. 

A vertex is placed on the line coinciding with the parcel 
boundary 98 meters from the previous vertex you added at 
the corner of the parcel. 
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4. Move the editing cursor near the midpoint of the north 
boundary of the parcel. Right-click and click Parallel. 
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Ctrl+E 








Segment Deflection.. 


F7 



Now the next segment you add will be parallel to the north 
boundary of the parcel. 

5. Right-click again and click Angle/Length. 
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6. Click in the Length box, type "100.5" as the length, and 
press Enter. 



Angle/Length 



□ 



-0.0730 



100.5| 



Getting Started with ArcGIS 



The new segment is added to the edit sketch; it is 
100.5 meters long and parallel to the north boundary of 
the parcel. 
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Preparing data for analysis 



Add a perpendicular line 

The next segment is perpendicular to the segment you just 
added. 

1 . Move the cursor along the vertical line, partway to the 
north boundary of the parcel, right-click, and click 
Perpendicular. 




Now the cursor is constrained to be perpendicular to the 
previous segment. 
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2. Click to add a vertex partway to the north boundary. 
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Add a point at the intersection of lines 

1 . Click the Create New Feature tool dropdown arrow and 
click the Intersection tool. 



1 Editor 


Editor T 




£ Task: 







Intersection 



The Intersection tool lets you place the next point in your 
edit sketch at the intersection of two lines. 
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Place the cursor near the segment you just created. A 
temporary line extends along the segment. You will 
make this the first intersection line. Click to set the 
intersection line. 
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- First intersection line 



Place the cursor near the north boundary of the parcel. 
You will make this the second intersection line. Click to 
set the intersection line. 
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Getting Started with ArcGIS 



The new vertex appears at the intersection of the two 
lines at the corner of the boundary. 




Vertex added at intersection 
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Historic 
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Finish digitizing 

1 . Click the northeast corner of the park, right-click, and 
then click Finish Sketch. 



1 
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Insert Vertex 
Delete Vertex 
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Delete Sketch 
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The new park polygon is finished. Its boundary turns light 
blue to indicate that it is selected, and it takes on the color 
of the other park polygons. 
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2. Close the magnifier window if it's still open. 
Edit the feature attributes 

Now that you've finished digitizing the park, you can 
update the new feature's attributes in the database. 

1 . Click the Attributes button on the Editor toolbar. 



□1 


Target: |parks_polygon : parks_p [^j 




i 





Attributes 
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2. Click next to Name in the Value column and type 
"Homestead Historic". 



[Attributes O 



□■■ parks_polygon 


Properly 


| Value 






1 FID 

PARKS-ID 


A? 

<Null> 






Name 


|Hornestead Historic 










Maintenance 

Shape_Length 

Shape_Area 


<Null> 

793.7560696^5^25 
29577.8062282395 




1 features 















The park will be maintained by the City, so you will update 
the maintenance field as well. 

3. Type "City" as the value for the Maintenance field and 
press Enter. Close the Attributes dialog box. 



Attributes 
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□■■ parks_polygon 


Properly | Value 


IS- Homestead Historic 


FID 47 

PARKS-ID <Null> 

Name Homestead Historic 


Maintenance |City| 


Shape_Length 793.756069645425 
Shape_Area 29577.8062282395 
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Right-click parks_polygon in the table of contents and 
click Label Features. 



B 0 Layers 

B □ streets 



B 0 parcel_2 
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□ 



□ parks_polygo 



B 0 hi storic.tif 
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% Copy 




X Remove 
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Selection 




1 Label Features 


Convert Labels to Annotation... 




^ Convert Features to Graphics... 





The new park is labeled with its name. 
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Save your edits 

Now save your changes to the park feature class in the 
database. 

1. Click Editor, then click Save Edits. 



Editor 1 




Editor ^ | K |pf T | Task: 




Start Editing 






Stop Editing 






Save Edits 





2. Click Editor, then click Stop Editing. 

Although this was a simple example, you saw how the 
Editor provides a variety of tools for constructing features. 

Before continuing, clean up the table of contents. You don't 
need the historic.tif layer anymore, so remove it from the 
map. 

3. Right-click historic.tif and click Remove. 

^ " ^^^^ ^^^^^^^^^ 

101 Open Attribute Table 

Joins and Relates ► 

4. You don't need to display parks right now, so uncheck 
them. 

5. Click File and click Save to save your map at this point. 

The last task before you start the analysis is to merge the 
two parcel layers. 



Preparing data for analysis 



147 



Merging the parcel layers 



Sometimes data that you need is in two or more adjacent 
datasets, either because of the way the data was created or 
the way it is stored. For example, multiple datasets might 
be created by digitizing from adjacent map sheets into 
separate shapefiles. In some cases, data for large areas is 
stored as sets of separate tiles to make it easier to manage 
and update the features. 

The parcel data that you will use in the analysis is stored as 
tiles of adjacent shapefiles. You have two tiles that you will 
merge into a single layer so you'll be able to more easily 
select the suitable parcels during the analysis. 

First display the area covered by the parcels. 

1 . Right-click parcel_2 and click Zoom To Layer. 
Now you'll add the other parcel layer to the map. 

2. Click the Add Data button, navigate to the 
CityshareUand folder under the project folder, click 
parcell, and click Add. 











Look in: 




J <M &\m\m\ \bi ma 


□ i 

□ i 


M parcel_2.shp 








Name: 


|parcel_1 .shp 




Add 










Show of type: 


| Datasets and Layers (*.lyr) 


H 


Cancel 
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You can see the two adjacent parcel layers. Parcel l is 
drawn with a default solid fill color, while the parcel_2 
boundaries are displayed in red. 



| File Edit View Insert Selection lools Window Help 
I DlSHiU *6Xh n-l* 11:31.259 



El 0 parcelj 
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El □ parks_polygon 
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3 . Click the Tools menu and click GeoProcessing Wizard. 



File Edit View Insert Selection | Tools Window Help 

l£ EditorToolbar 



Graphs 
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Reports 
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& Add XV Data... 




t*7 Add Route Events... 
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^1 ArcCatalog 



The GeoProcessing Wizard lets you combine features and 
datasets in several ways. In this case you'll be merging 
two datasets. 

4. Choose Merge layers together and click Next. 



Choose a GeoProcessing operation, 
then click the Next button to choose 
options. 

C Clip one layer based on another 
r I nte rs e ct two I aye rs 
C Union two layers 



About Merge 

This operation appends the 
features of two or more layers 
into a single layer. Attributes 
will be retained if they have the 
same name. 



Layerl Layer2 Output Layer 
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5. Select parcel l and parcel_2 as the layers to merge by 
checking the boxes. 




m 



About Merge 

l.fi:': 

features of two or more layers 
into a single layer. Attributes 
I will be retained if they have the 
same name. 

r*m * 

La y e r 1 La y e r 2 0 ut p ut La y e r 



You'll put the joined layer in the Analysis folder, where 
you'll store the other analysis layers. 

Click the Browse button next to the "Specify the output" 
text box and navigate to the project\Analysis folder. 

In the Name text box, type "parcelOlmrg", then click 
Save. 

Look in: |D Analysis ' M &\m\&\ W M|™l 



|parcel01 mrg| 



Save as type: jshapefile ^ 
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8. Click Finish to merge the parcels. 



0parcel_1 - Polygon 
0parcel_2 - Polygon 
p arks_p o lyg on- Po lyg o n 
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About Merge 

features of two or more layers 
into a single layer. Attributes 
will be retained if they have the 
same name. 
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Layer 1 Layer 2 Output Layer 



Now all the parcels are in a single layer. 
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9. You don't need the parcel l and parcel_2 layers any 
longer, so remove them from the map by right-clicking 
them and clicking Remove. 

10. Click File and click Save to save your map at this point. 

In this chapter you have prepared your data for the analysis 
and completed the project database. Preparing data — 
whether by converting it, changing its coordinate system, 
managing its attributes, or editing its features — is a very 
important part of a GIS project. The quality of the analysis 
and map depends on the quality of the data. An 
organization's biggest investment in a GIS project, other 
than its staff, is usually in its data. 

In the next chapter you'll perform the analysis to find 
parcels that meet the City's criteria as a site for the 
wastewater treatment plant. 
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Performing the analysis 
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IN THIS CHAPTER 

• Creating buffers 

• Overlaying layers 

• Selecting by location 

• Selecting by attributes 

• Exporting selected features 

• Adding fields to an attribute table 

• Calculating attribute values 



In the planning phase you decided which data you would need in order to 
meet the criteria. You then assembled the data and prepared it for analysis. 
At this point you're ready to perform the analysis. 

There are often several alternative methods you can use to get to the end 
result. The approach you use is partly dictated by the problem you're trying 
to solve, partly by the data you're using, and partly by personal preference. 

In this analysis, the parcels suitable for a site for the wastewater treatment 
plant have to meet certain location criteria and also have to be vacant. 

The location criteria fall into two categories: features the plant should be 
away from or outside of (away from parks and residences, outside the flood 
zone) and features the plant should be near or inside of (near the river, 
inside the low elevation area). The areas delineated by these criteria 
become the unacceptable and acceptable areas for the plant, respectively. 

You'll find the parcels that fall outside the unacceptable areas, then find the 
subset of these that fall inside the acceptable areas. Next, of the remaining 
parcels, you'll find the ones that are vacant. 

The City also prefers that the site be near a road and near the existing 
wastewater junction. You'll find and tag the parcels that are within 
50 meters of a road. You will also find and tag the parcels that are within 
500 and 1,000 meters of the wastewater junction. Finally, you'll find 
parcels that are at least 150,000 square meters in size, large enough to build 
the plant on. 
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Setting up for analysis 



If you closed ArcCatalog and ArcMap at the end of 
Chapter 6, 'Preparing data for analysis', you'll need to 
reopen them and reopen the water project map. Your map 
should currently include the parks_polygon, streets, and 
parcelOlmrg layers, with the parcels displayed. 



jD^H#|^^eX|or,|^ || 1:3 1,259 J \\^£\ fj | >t? | 



B 0 Layers 

B 0 parcelOlmrg 



B □ parks_polygon 
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You'll be adding data from several locations during the 
analysis, so in the Catalog tree navigate to and open the 
project folder so you can see the City layers, City share, 
and Stateshare sub folders and the WaterProject 
geodatabase. Open each sub folder and the geodatabase so 
you can see the contents of each. 
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; Ltl-® Analysis 
| CHyJayers 

elevation_grid 
j |--^ flood_zone 
! ! streets 
| \=\-^ City_share 
\h-f&^ image 
| land 
I utility 
! -Q riverOSprj 
! County_share 

! -Q river 
| State_share 
lil-B elevation 
! -HI lowland 

j © state_dot 

| b-S WaterProject 

parks_polygon 
! -Q river03exp 
j El-B city_logo 

wastewater data 
water project 

Now you're ready to start the analysis process. The general 
approach for this analysis was presented in the flowchart in 
Chapter 4, 'Planning a GIS project'. At this point, you need 
to develop the specific steps for each phase of the analysis. 
Detailed flowcharts for each section are presented at the 
beginning of the appropriate section in this chapter. You'll 
implement the analysis using ArcMap. 

Combining the river buffer and lowland layer and 
combining the park and residential buffers with the flood 
zone layer will reduce the number of selections you'll have 
to do to find the parcels that meet the criteria. It's easier to 
do the selections all at one time, so you'll first create the 
two layers that delineate the acceptable and unacceptable 
areas, then do all three selection steps. 
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Delineating the area the plant site should be within 



In this phase of the analysis you'll buffer and combine 
features to delineate the areas the wastewater treatment 
plant should be within (areas within 1,000 meters of the 
river, and lowland areas). You'll create a 1,000-meter 
buffer around the river, then combine the buffer with the 
lowland layer. Here are the steps: 

• Create a 1,000-meter buffer around the river. 

• Overlay the river buffer and the lowland layer. 
Here's a flowchart of the process using the layer names: 




Buffer the river 

You'll use the Buffer Wizard in ArcMap to buffer 
riverOSexp to 1,000 m to create river04buf. 

1. Uncheck the parcelOlmrg layer since you won't need to 
display it until later. 

2. In the Catalog tree, click rivOSexp in the WaterProject 
geodatabase and drag it onto the map in ArcMap. 



State_share 
i elevation 
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3. Click the Full Extent button on the Tools toolbar to see 
the river. 
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4. Click the Tools menu and click Buffer Wizard. 



1 Main Menu 




File Edit View insert Selection 
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Graphs ► 
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Geocoding ► 
ft Add XY Data... 
t»7 Add Route Events... 


[] Buffer Wizard... 


^3 GeoProcessing Wizard... 


ArcCatalog 



5. Click the option to buffer the features of a layer, click 
the dropdown arrow, and click riverOSexp as the layer to 
buffer. Click Next to display the next screen. 



±1 



About buffers 

Buffers are rings drawn around 



What do you want to buffer? 

r 

P The features of a layer 



tAnr 



Number of features: 5 



\~ Use only tf 



33 



154 



The Buffer Wizard gives you options for specifying the 
buffer distance and for the number of buffers to create. 

Click the option to buffer at a specified distance and 
type 1000 in the text box. Then click the Distance units 
dropdown arrow in the bottom panel and click meters to 
create a buffer of 1,000 meters around the river. Click 
Next. 



[-How do you want to create buffers? — 

(•At a spec |l □□□ ' ^Meters 

C Based on a distance from an attribute 

[FID 3 in Meters 

C As multiple buffer rings: 
Number of rings: 

Distance between rings: ~r| Meters 
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Distance units are: [Meters 
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7. Click Yes to dissolve the barriers between buffers (the 
river is actually composed of five line segments, each of 
which will be buffered, so dissolving the barriers will 
create a single buffer around the river). 

8. In the bottom panel, click the option to save the buffer 
in a new layer, type the path to the Analysis folder, and 
type river04buf as the layer name. 

For the rest of the analysis, the output layers you create 
will be shapefiles in the Analysis folder. 
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Buffer output type 



Yes 



OP 



r No 



■ Create buffers so they are 

C inside and outside the polygons(s) 

(* only gon(s) 

C only inside the polygon(s) 

C outside iclude inside 



Where do you want the buffers to be saved?— 
C As graphics layer in data frame 
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9. Click Finish. 

ArcMap creates the buffer and displays it. 

10. Drag the riverOSexp layer above the river04buf layer in 
the table of contents to display it on top. 
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1 B 0 riverO'lbuf ^ ' 1 
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B 0 river03exp 
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Overlay the river buffer and the lowland area 



Next you'll use the GeoProcessing Wizard to combine the 
lowland layer and the river buffer to create low river, 
which delineates the area the plant site needs to be within. 

1 . Add the lowland shapefile to the map by dragging it 
from the State share folder in the Catalog tree. 

B-© State_share 
IH elevation 

■® ^ate5^ 

WaterProject 
ISl parksjoolygon 
a river03exp 



ArcMap warns you that the lowland shapefile is in a 
different coordinate system than the other data on the map. 
That's okay — since you've defined the coordinate system 
for lowland (in Chapter 6, 'Preparing data for analysis'), it 
will overlay correctly with the other data. Click OK to 
close the Warning message box. 
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2. Click the Tools menu and click GeoProcessing Wizard. 
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File Edit View Insert Selection Tools Window Help 
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3. Click the option to Intersect two layers. 



Choose a GeoProcessing operation, 
then dick the Next button to choose 
options. 

f~ M e rg e I aye rs to g eth e r 

C Clip one layer based on another 

C Union two layers 



About Intersect 

This operation cuts an input 
layer with the features from 
an overlay layer to produce 

:'!!! I'll. H'!'!! I 

that have attribute data from 
both layers. 
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Input Overlay Output 




Intersect creates a layer containing only the area 
covered by both input layers. 

4. Click Next. 

5. In the first box, click the dropdown arrow and click 
lowland as the input layer. 

6. In the second box, click the dropdown arrow and click 
river04buf as the overlay layer. 

7. In the third box, make sure the path to the Analysis 
folder is displayed and type low river as the layer name. 
If the path to the Analysis folder is not displayed, type it 
in or use the Browse button to navigate to it, then type 
the name of the new layer. 
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1. Select the input layer to intersect: 



[lowland 

I - Use selected features only 
Numberoffes.ti.ires: 1 



Briver04buf 



I - Use selected features only 
Number of features: 1 

3. Specify the output shapefile orfeature class 
C : \ p roj e ct\ An alys i s \ I o w_ri ve r 



About Intersect 

: . . , lll.ill 

:■;■ lion 

: /Ml (! 
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both layers. 



Input Overlay Output 



8. Click Finish. 

The new layer is displayed. It contains only the area 
covered by both the river buffer and the lowland layer. 
You can see the lowland and river buffer layers 
underneath and that the new layer, lowriver, represents 
the intersection of the two. 
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9. Uncheck lowriver, riverOSexp, lowland, and river04buf 
since you don't need to display them for the next step. 
(Keep them on the map since you may want to use them 
later to verify the results of your analysis.) 

10. Click File and click Save to save your map so far. 

Through the rest of the chapter, you'll want to periodically 
save your map in case you need to stop or take a break and 
come back to it. We'll remind you at the end of each 
section, but you may want to save more often. 
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Delineating the areas the plant site should be outside of 



Now you'll find the areas the plant should be outside of 
(areas within 150 meters of parks and residential parcels 
and within the flood zone). You'll create a 150-meter buffer 
around parks. Then select the residential parcels from the 
parcel layer and create a 150-meter buffer around them. 
You'll then combine the two buffer layers and combine the 
result with the flood zone layer. The resulting layer will 
delineate the areas the plant site should not be within. 
Here's a flowchart of the process: 



Here are the steps: 

• Buffer the parks to 150 meters. 

• Select the residential parcels. 

• Buffer the residential parcels to 150 meters. 

• Overlay the parks and residential buffers. 

• Overlay the combined park and residential buffer layer 
with the flood zone layer. 



Parks_polygon 



FarcelOImrg 




Respark_flood 
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Buffer the parks 

First you'll create a 150-meter buffer around parks. 

1 . Check parks_polygon to display the parks. 
The parks are labeled with their names. 

2. Right-click parks_polygon and click Label Features 
(which is currently checked on) to turn off the labels. 
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Data ► - 


Save As Layer File... 


^ Properties... 



3. Click the Tools menu and click Buffer Wizard. 

4. Click the dropdown arrow and click parks_polygon as 
the layer to buffer. Then click Next. 
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What do you want to buffer ? 

r 

f* The features of a layer 



Bparks_polygoi 
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Click the option to buffer at a specified distance, type 
150 as the buffer distance, and click Next. 



-How do you want to create buffers? — 
t* At a specified distance; fl5 



f Based on a distance from an attribute 

[rd 3 in Meters 

C As multiple buffer rings: 

Number of rings: p ^ 

Distance between rings: F ^ Meters 
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Distance units are: | Meters 
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6. On the next screen, click Yes for the option to dissolve 
between buffers. 

7. Click the option to create buffers only outside the 
polygon(s). 

ArcMap gives you several options for creating buffers 
inside or outside the boundaries of polygons (this isn't an 
option when buffering points and lines since there is no 
"inside"). In this case you're only interested in finding the 
distance outward from the edge of each park. 

8. Click the option to create the buffers in a new layer, 
make sure the path to the Analysis folder is specified, 
and type park02buf as the layer name. Then click 
Finish. 



■Buffer output type 



<• Yes 



OP 



1 



C inside and outside the polygons(s) 

(* only outside the polygon(s) 

C only inside the polygon(s) 

C outside polygon(s) and include inside 



■Where do you want the buffers to be saved?- 
f As gr data frame 

C In an existing editable layer | 

(* ii 
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The park buffers are displayed. 




Select the residential parcels 

Previously, you created buffers for a layer with a single 
feature (the river) and a layer with many features (parks). 
This time you'll buffer selected features in a layer — only 
the residential parcels from the parcelOlmrg layer. You 
need to know the land use code for residential parcels so 
you can select them. You can get the code from the 
metadata. 



Getting Started with ArcGIS 



1. In ArcCatalog, click parcell in the CityshareUand 
folder and click the Metadata tab. 



2. Click the Stylesheet dropdown arrow and click FGDC 
FAQ. 
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The format of the metadata changes. 

The metadata that you see displayed in Catalog is 
controlled by the stylesheet that you use to display it. The 
stylesheets are similar to database queries — they basically 
define what information is pulled out of the metadata and 
how it can be formatted. 

ArcGIS provides several predefined stylesheets — the 
default is the ESRI stylesheet, which you used earlier. You 
can also create your own stylesheets. 

The FGDC FAQ stylesheet was developed by the Federal 
Geographic Data Committee to present the metadata in the 
form of a set of frequently asked questions. This format let 
you see the values for each attribute in a layer (as long as 
they've been defined in the metadata). 
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Click "7. How does the data set describe geograph 
features?" in the first section. 



Contents | Preview Metadata | 


-€ 


parcel 1 

Frequently- asked questions: 

• What does this data set describe? 

1. How should this data set be cited? 

2. What geographic area does the data set cover? 

3. What does it look like? 

4. Does the data set describe conditions during a 
particular time period? 

5. What is the general form of this data set? 

6. How does the data set represent geographic 
features? 

7. How does the data set describe geographic 




features? 6 
• Who produced the data set? 

1. Who are the originators of the data set? 

2. Who also contributed to the data set? 

3. To whom should users address questions about the 






data? 

• Why was the data set created? 

• How was the data set created? 

1. Where did the data come from? 


2. What changes have ^een made? 
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The value definitions for the land use attribute are listed 
(you may need to scroll down to see them). You can see 
that residential parcels have a value of 5 10. (Note also that 
vacant parcels have values of 713, 723, and 732. You'll use 
these values later in the analysis.) 

Contents | Preview Metadata | 

— t~ ~n 

Feature geometry. (Source: ESRI ) 

Coordinates defining the features. 

AREA 

PERIMETER 
PARCEL_1_ 
PARCEL_1_I 
APH 

LANDUSE 



Value 


Definition 


14 


Institutional - Education 


15 


Institutional - Health 


119 


Industrial 


310 


Commercial 


510 


Residential 


713 


Vacant - Undeveloped 


723 


Vacant - Cleared 


732 


Vacant - Structures 



A 1 



Before selecting the residential parcels, zoom in to the 
parcel layer. 

4. Right-click parcelOlmrg in the ArcMap table of contents 
and click Zoom To Layer, then check the layer to 
display the parcels. 
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□ 



□ 0 parks_polyg 

n 



^ Copy 





X Remove 




HO Open Attribute Table 




Joins and Relates 




TW Zoom To Layer 


Visible Scale Range 




Selection 




Label Features 



You can also see the buffer around the historic park. 




Click the Selection menu and click Select By Attributes. 



El 

File Edit View Insert | Selection Tools Window Help 

U 

Select By Location... 
% Select By Graphics 
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6. In the Select By Attributes dialog box, click the 
dropdown arrow next to the Layer box and click 
parcelOlmrg as the layer to select from. 

The default method is to Create a new selection, which is 
what you want. 

You'll use the query builder to create a simple query 
expression. 

7. Double-click LANDUSE in the Fields list. 

8. Click the equals sign (=) button. 

9. Double-click 510 (the code for residential) in the 
Unique values list. 



Select By Attribute 



Query Wizard... 



Layer: 
Method : 
Fields 



|parce!01 rnrg 


m 




[Create a new selection 





Unique values: 



"FID" 

"AREA" 

"PERIMETER" 

"PARCEL_1_" 

"PARCELJJ" 

"APN" 

"LANDUSE" 



Like 
And 



U 

15 

119 

310 

510- 

713 

723 



SELECT" FROM parcelOl rnrg WHERE: 



"LANDUSE" = 510 





Clear 


Verity | 


Help 


Load... 


Save... 


















Apply 


Close 



< 
< 



Performing the analysis 



You can see the query expression you've built in the text 
box. It should look like this: 

"LANDUSE" = 510 

10. Click Apply. The residential parcels are highlighted 
with a blue line. Close the Select By Attributes dialog 
box. 
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Now you'll be able to create buffers around the parcels to 
keep the plant from being sited too close to a residence. 
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Buffer the selected parcels 

1. Click the Tools menu and click Buffer Wizard. 

2. Click the dropdown arrow and click parcelOlmrg. 



About buffers 

Buffers are rings drawn around 



What do you want to buffer? 

r 

P The features of a layer 



Number of features: £80 
Number of features selected: 14 

W Use only the selected features 
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Since there are currently selected features in the layer, the 
wizard automatically checks the option to Use only the 
selected features and shows you that there are 14 selected 
parcels. 

3. Click Next. 

As with the parks, you'll buffer the residential parcels to 
150 meters. 

4. Double-click in the text box and type 150, then click 
Next. 

5. On the next screen, click the options to dissolve barriers 
between buffers and to create buffers only outside the 
polygon(s). 
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Click the option to create the buffers in a new layer, 
make sure the path to the Analysis folder is specified, 
and type resOlbuf as the layer name. Then click Finish. 



Buffer output type — 



(* Yes 



C No 



Create buffers so they are 
f inside and outside the polygons(s) 
(* only outside the polygon(s) 
f only inside the polygon(s) 
f outside polygon(s) and include inside 




■Where do you want the buffers to be saved?- 
C As graphics layer in data frame 
C In an existing editable layer |~~ 



; C:\project^Analysis\res01 buf 



< Back | Finish Cancel 



The residential parcel buffers are displayed. 
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Getting Started with ArcGIS 



7. Click the Selection menu and click Clear Selected 
Features to unselect the residential parcels. 



Main Menu 1 


File Edit View insert 


Selection 


Tools Window Help 



"% Select By Attributes... 
% Select By Location... 

Select By Graphics 



^ Zoom To Selected Features 
S Statistics... 

Set Selectable Layers... 

Interactive Selection Method ► 
Options... 

8. Uncheck the parcelOlmrg and parks_polygon layers 
since you don't need them displayed right now. 

Overlay the park and residential buffers 

Now you'll combine the park and residential buffers to 
delineate the areas within 150 meters of a park or 
residence. 

1. Click the Tools menu and click GeoProcessing Wizard. 

2. Click the option to Union two layers. 

Union creates a layer containing the areas covered by 
either of the input layers. 

3. Click Next. 



Performing the analysis 



2 



Choose a GeoProcessing operation, 
then click the Next button to choose 
options. 

C Dissolve features based on an attribute 
r Merge layers to g ether 
r Clip one layer based on another 
r Intersect two layers 



About Union 

This operatio n c o m b i n e s fe at u r e s 
inc. 

polygons from an overlay layer 
to produce an output layer that 
contains the attributes and full 
extent of both layers. 



Input Overlay Output 



Click the dropdown arrows for each text box and click 
park02buf as the layer to union and resOlbuf as the 
overlay layer. 

Make sure the path to the Analysis folder is specified 
and type respark buf as the output layer name. 



■' to ijt'.iOfr 




|res01buf 

\~ Use s is only 

Number of features: 6 



C:\proje ct\ An alys i s \ re s p ark_b uf 



About Union 

This operation combines features 

polygons from an overlay layer 
to produce an output layer that 
contains the attributes and full 
extent of both layers. 



Input Overlay Output 



6. Click Finish. 
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Now the park and residential parcel buffers are combined 
on one layer. Next you'll combine these with the flood 
zone to delineate all the areas the wastewater treatment 
plant should be outside of. 




Overlay the residential/park buffers and flood 
zone 

1 . Click and drag the floodzone layer, located in the 
City layers folder, from the Catalog tree onto the map. 



Cityjayers 

elevation_grid 

SEE 

streets 1^ 
□■■ft City_share 
S-ft image 
[j-ft land 
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2. Click the Tools menu and click GeoProcessing Wizard. 

You'll use Union again since you want to create a layer of 
areas inside either the residential and park buffers, or the 
flood zone, or both. 

3. Click the option to Union two layers, then click Next. 

4. Click the dropdown arrows for each text box and click 
respark buf as the layer to union and flood zone as the 
overlay layer. 

5. Make sure the path to the Analysis folder is displayed 
and type respark flood as the output layer name. 



Getting Started with ArcGIS 



I 1. Select thi 
[respark 
r Use: 



1 . Select the input layer to union: 
|respark_buf 

\~ Use selected features only 
Number of features: 58 
I. Select a polygon overlay layer: 



|flood_zone 

V Use es only 

Number of features: A 



About Union 

This operation combines features 
of an input layer with the 
polygons from an overlay layer- 
to produce an output layer that 
contains the attributes and full 
extent of both layers. 



6. Click Finish. 




Now all the areas the plant should be outside of are 
combined on a single layer. 



Performing the analysis 



So far you've performed a series of buffers and overlays to 
create the two layers delineating the acceptable and 
unacceptable areas for the wastewater treatment plant site 
based on the City's criteria. You can see that even a fairly 
simple GIS analysis consists of stringing together a set of 
individual operations, often with the same operation 
repeated on different datasets. The operations build on the 
previous ones to achieve a resulting layer or layers. In the 
process, interim layers are created. You'll want to keep 
some of these layers to help verify the final results of your 
analysis. Others you can remove from the map. 

7. Click respark buf in the table of contents to select it, 
press the Ctrl key, and click resOlbuf and park02buf so 
all three layers are selected. 

8. Right-click one of the selected layers and click Remove. 




Before continuing, save your map. 
9. Click File and click Save. 
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In the next two sections, you'll use the interim layers 
(low river and respark flood) in a series of selections to 
eliminate the unsuitable parcels, creating a final layer of 
suitable parcels. Here's the flowchart for this process: 




Parcel02sel 
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Getting Started with ArcGIS 



Finding the parcels that meet the 



At this point you have two layers to use to select parcels 
meeting the criteria for the wastewater treatment plant site. 
First you'll select parcels falling outside the resparkflood 
polygons, then you'll select the subset of these that fall 
inside the low river polygon. 

Select the parcels outside the residential/park 
buffer and flood zone areas 

You'll use Select By Location to select parcels that 
intersect the respark flood layer. The selected parcels will 
lie fully or partially within the flood zone or within a 
residential or park buffer. You'll then switch the selected 
set to select the parcels that lie outside those areas. The 
selected parcels will be outside the flood zone and more 
than 150 meters from a park or residence. 

1 . Click the check box next to the parcelO lmrg layer to 
display it. 




Performing the analysis 



criteria 



You can see that some parcels fall within the 
respark flood area. 

2. Click Selection and click Select By Location. 



File Edit View Insert Selection Tools Window Help 
% Select By Attributes... 

% Select By Graphics 

The Select By Location dialog box appears. This dialog 
box lets you compose a wide variety of queries to select 
features in one layer based on their location relative to 
features in another layer. In the top box you specify the 
type of selection. The default is to create a new selected 
set (select features from), which is what you want. In 
the next box you choose the layer to select from. 

3. Scroll down and click the check box next to 
parcelOlmrg. 

Next you specify the relationship between the layers. The 
default is intersect — features that fall fully or partially 
within the features of the selection layer will be selected. 
This is the option you want, so accept the default. Finally, 
you specify the selection layer. 
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4. Click the dropdown arrow and click resparkflood. 



Select By Location 



relation to the features in another layer. 
I want to: 



| select features from 
the following layers: 



□riverCMbuf 
^ parcelOl rnrg 
□streets 



(0 features selected) 
Apply a buffer to the features in resparkjlood 

of: |0. 000000 
-Preview — 



| Meters 



;k flood. 

The highlighted cyan features are selected because they 




Polygons 



Apply 





5. Click Apply at the bottom of the dialog box, then click 
Close to close the Select By Location dialog box. 

ArcMap selects the parcels that are completely or 
partially within the respark flood polygons and 
highlights them on the map. 
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You actually want the parcels that are outside the 
respark flood polygons, not inside, so you'll switch the 
selected set of parcels. 

6. Right-click parcelOlmrg in the table of contents, point 
to Selection, and click Switch Selection. 



!□ El 

□ 

B □ streets 



■3! Copy 
X Remove 



Joins and Relates 



□ 0 parks_polyg <& Zoom To Layer 

I — | Visible Scale Range 



Zoom To Selected Features 



Display |~Source | 



Label Features 
J Drawing - * 0 I Convert Labels to Annotation... 
^ Convert Features to Graphics... 

: 



H Clear Selected Features 
□ SelectAII 



Save As Layer File... 



Properties... 



Annotate atures 

Create Layer From Selected Features 
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Now the parcels outside the flood zone and more than 
150 meters from a park or residence are selected. 




Select those parcels within the combined river 
buffer and lowland area 

The next step is to select from the currently selected 
parcels those that are within the lowland area and within 
1,000 meters of the river. You'll use Select By Location 
again, this time to select from the currently selected set of 
parcels. 

1 . Click the check box next to the lowriver layer to 
display it. 

2. Click Selection and click Select By Location. 

3. Click the dropdown arrow for the top box and click 
"select from the currently selected features in". 

4. Check the box to select features from parcelOlmrg (if 
it's not already checked). 



Performing the analysis 



Click the dropdown arrow to choose a relationship type 
and click "have their center in". 

That will select the parcels that have at least half their 
area within the low river polygon. 

Click the dropdown arrow, scroll down, and click 
low river as the selection layer. 



Select By Location 



Lets you select features from one or more layers based on where they are located in 
relation to the features in another layer. 

I want to: 



|selectfrom the currently selected features in 



I 



the following layers: 



□riverCMbuf 
MparcelOl rnrg ■ 
□streets 



have their center in 
the features in this layer: 



Blow_river 

r Use selected features (0 features selected) 

r Apply a buffer to the features in low_river 
of: |0.000000 ~ | Meters 

Preview — 



The red features represent the features in low_river. 

The : - = 

.,!.U>,/ 





7. Click Apply and click Close to close the Select By 
Location dialog box. 
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ArcMap selects those parcels that are mostly within the 
lowriver polygon. You can see that the selected parcels are 
outside the respark flood area and inside the low river 
area. 




So far you've narrowed down the set of possibly suitable 
parcels from all the parcels in the study area to those 
outside the flood zone and more than 150 meters from a 
park or residence. You then narrowed the set further to 
those parcels with at least half their area inside the lowland 
area (elevation 365 meters or less) and within 1,000 meters 
of the river. The next step is to find the vacant parcels from 
among these. 
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Getting Started with ArcGIS 



Finding the vacant parcels 



To find which parcels meet all the City's requirements as a 
location for the wastewater treatment plant, you'll select 
the vacant parcels from among the currently selected ones. 

Select vacant parcels using the land use code 

In the last two selections, you selected parcels based on 
their location. This time, you'll select based on an attribute, 
specifically, the parcel land use code. As you recall from 
the metadata, in the Assessor's database vacant land is 
coded with values in the 700s. You'll create a query 
expression to select the parcels that have a land use code 
greater than or equal to 700 and less than or equal to 799. 

1. Click Selection and click Select By Attributes. 



1 Main Menu 






File Edit View insert 


Selection Tools Window Help 






EH Select By Attributes... 




^ Select By Location... 




% Select Bv Graphics 



The Select By Attributes dialog box appears. 

2. Click the dropdown arrow in the top box and click 
parcelOlmrg as the layer to select from. 

3. Click the dropdown arrow in the next box and click 
"Select from current selection" as the procedure to use. 

Now you'll create the query expression. 

4. Double-click LANDUSE in the Fields list. 



Performing the analysis 



5. Click the greater than or equal to (>=) sign and type 
"700". 

6. Click And. 

7. Double-click LANDUSE in the Fields list. 

8. Click the less than or equal to (<=) sign and type "799" 



Select By Attributes 






Clear 


Verify 


Help 


Load... 


Save... 



Apply 



Your query expression should look like this: 
"LANDUSE" >= 700 AND "LANDUSE" <= 799 
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9. Click Apply. 

ArcMap selects the parcels that have land use codes in 
the 700s (the vacant parcels) and highlights them. 




10. Close the Select By Attributes dialog box. 

The selected set of parcels contains only the ones that meet 
the City's required criteria: 

• Outside the flood zone 

• At least 150 meters from parks and residences 

• Elevation of 365 meters or less 

• Within 1,000 meters of the river 

• Vacant 
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Export the selected parcels to a new shapefile 



To make it easier to work with only the suitable parcels, 
you'll export the selected parcels to a new shapefile. 

1. Right-click parcelOlmrg in the table of contents, point 
to Data, and click Export Data. 



n 

E □ streets 



■fe Copy 
X Remove 



IHU Open Attribute Table 
Joins and Relates 



B 0 parks_polygc Zoom To Layer 

. — . Visible Scale Range 



Selection 



Display [Source | 



J Drawing T Ifc (°) | 



Save this layer's data a; 



Label Features 

Convert Labels to Annotation... 
^ Convert Features to Graphics... 



Save As Layer File... 



Hff Properties... 



71 b I U A- <9> 



a Source... 



Revie addresses... 



The Export Data dialog box appears. Since there are 
features currently selected in the parcelOlmrg layer, the 
dialog box defaults to Selected features. 

2. Make sure the path to the Analysis folder is displayed in 
the output feature class box. 

The dialog box defaults the name of the new shapefile 
to be Export Output.shp. 

3. Highlight the text and type "parcel02ser to rename the 
feature class. 
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Export Data 



Export: 



Selected features 



~3 



(* Use the same Coordinate System as this layer's source data. 
C Use the same Coordinate System as the data frame. 

Output shapefile or feature class: 



C:\project\Analysis\parcel02sel 




OK 



Cancel 



4. Click OK and click Yes when prompted to add the 
exported data to the map. 

The new layer contains only the suitable parcels. 




Performing the analysis 



5. Click Selection and click Clear Selected Features to 
unselect the parcels in the parcelOlmrg layer. 



1 Main Menu 




□1 


File Edit View Insert 


Selection 


Tools Window Help 



Select By Location... 
% Select By Graphics 



^ Zoom To Selected Features 
S Statistics... 



Set Selectable Layers.. 



Clear Selected Features 



Interactive Selection Method ► 
Options... 



6. Click File and click Save. 
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Finding suitable parcels near roads and near the wastewater junction 



To make a final decision on the location of the wastewater 
treatment plant, the City Council wants to know which 
suitable parcels are within 50 meters of a road and within 
500 and 1,000 meters of the main wastewater junction. 
These will be considered the highly suitable parcels. 

You'll select the parcels near these features and tag them 
with a code. That way you can display them color coded on 
your final map. 

Here are the steps you'll perform: 

1. Add two fields to the parcel02sel attribute table to hold 
the distance values: ROAD DIST and JUNC_DIST. 

2. Assign distance from roads. 

• Select the parcels within 50 meters of a road. 

• Assign a value 50 to the ROAD DIST field for the 
selected parcels in the parcel02sel attribute table. 

3. Assign distance from the wastewater junction. 

• Buffer the junction to 500 and 1,000 meters. 

• Select the 1,000-meter buffer and use it to select the 
parcels within 1,000 meters of the junction. 

• Assign a value of 1,000 to the JUNC_DIST field for the 
selected parcels in the parcel02sel attribute table. 

• Select the 500-meter buffer and use it to select the 
parcels that fall within 500 meters of the junction. 

• Assign a value of 500 to the JUNC_DIST field for the 
selected parcels. 



Here's the flowchart of the process: 



PARCEL02SEL 



I 



Junction 




Pakcel02sel 
(with distance 

VALUES) 
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Add fields to the parcels layer 

Before you find the parcels near roads and the wastewater 
junction, you'll add two fields to the parcel02sel attribute 
table to contain the distance values you'll assign. 

1. Right-click parcel02sel and click Open Attribute Table. 



1 xl 




1 □ ^ Layers 








Bin parcel02sel 


■ 






□ 

□ 0 resparkjloc 


^ Copy 
X Remove 


gj Open Attribute T 


ab 


le 


□ 


Joins and Relates ► 


E 0 flood_zone 


<^ Zoom To Layer 








Visible Scale Range ► 


E 0 low_river 


Selection ► 


Label Features 



2. Click the Options button on the table and click Add 
Field. 



40399.3088 


829.21134 


16 


« 


olace... 


39543.99025 


822.76999 


17 


3.97483 


830.4231 9 


18 


.39616 


830.45889 


19 




1 


.►J 


All Selected | Records (0 out of 37 Selected.) Options - 


#4 Find 




° Select By Attributes... 
H Select All 
O Clear Selection 
Switch Selection 

Related Tables ► 
0 Create Graph... 



Performing the analysis 



The Add Field dialog box appears. 
3. Type ROAD DIST as the field name. 




You can accept the default type of short integer. 

The short integer type stores values up to 32,768, which is 
sufficient for the ROAD DIST field — the values in this 
field will be either 50 or 0. 

4. Click OK. 

Now add the JUNC DIST field in the same way. 

5. Click Options and click Add Field. 

6. Type JUNC DIST as the field name and click OK. 
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7. Scroll all the way to the right to see the new fields. 



APN 


LANDUSE 


ROAD DIST 


JUNG DIST I 


029204402 


732 


0 


0 


029204408 


732 


0 


0 


029204407 


732 


0 


0 


029204406 


732 


0 


0 


029204409 


732 


0 


0 


029204410 


732 


0 


0 


029204411 


732 


0 


0 


n9Q^n/i/ii 9 




n 


n 



Currently, the two columns have no values in them, or 
contain zeros, since you just added the fields. In the next 
few steps you'll select the parcels near roads and the 
wastewater junction and enter values for the selected 
parcels. 

8. Close the attribute table for now. 

Find parcels within 50 meters of a road 

The City would prefer that the parcel for the new plant be 
within 50 meters of an existing road. You'll use the streets 
layer to select the parcels within 50 meters of a road and 
assign a value of 50 to the ROAD DIST field. 

1 . Before continuing, uncheck the check boxes for all 
layers except parcel02sel in the table of contents so that 
only the suitable parcels are displayed. 

2. Check the streets layer to display it. 
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3. Click the Selection menu and click Select By Location. 

You've seen this dialog box before. This time, you'll select 
features on one layer (parcels) within a distance of features 
on another layer (streets). 

4. Click the dropdown arrow next to the "I want to" box 
and click "select features from". 

5. Click the check box for parcel02sel. 

6. Click the dropdown arrows for the next two text boxes 
and click "are within a distance of 5 and "streets". 

The option to "Apply a buffer to the features in streets" is 
automatically checked. 

7. Type "50" in the text box to select parcels using a buffer 
of 50 meters. 



Getting Started with ArcGIS 



HQ 



omoneorr . 
relation to the features in another layer. 



| select features from 
the following layers: 




r Use selected features (0 features selected) 

F Apply a buffer to the features in streets 
of: [50 

L 



■Meters 




■Preview — 

The red features represent the features in streets, 
are within a distance of the red features. 




Polygons 



Apply 



Click Apply. 

The parcels within 50 meters of streets are selected. 



Performing the analysis 




Using a buffer when selecting features is an easy way of 
finding features within a certain distance of other features. 
This method is quicker than using the Buffer Wizard (as 
you did with rivers, parks, and residential parcels) when 
you don't need to create a separate buffer layer to combine 
with other layers. 

9. Click Close to close the Select By Location dialog box. 

Now you can assign a value to the ROADDIST field for 
the selected parcels to tag them as being within 50 meters 
of a road. 

Assign a value to the ROAD_DIST field 

To assign or update values in a layer's attribute table, you 
need to open the layer for editing. You can edit the 
attributes either by using the Attributes button on the Editor 
toolbar, as you did for the historic park, or by editing 
directly in the attribute table, as you'll do here. To assign 
values in the attribute table, you create a calculation 
expression. The values are assigned to the selected parcels 
or to all the parcels if none are selected. 
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1 . On the Editor toolbar, click the Editor dropdown arrow 
and click Start Editing (click the Editor Toolbar button, 
if necessary, to open the toolbar). 

2. Click the Analysis folder as the folder to edit data from 
and click OK. 



Start Editing 



Which folder or database do you want to edit data from? 




These layers and tables will be available for editing 



parcel02sel 
low_river 
riverCMbuf 
parcelOl rnrg 



OK 



Cancel 



d 

3. Click the Target dropdown arrow and click parcel02sel 
as the layer to edit. 



□1 


Target: |parcel02sel 0 ^ (?) 




m 



4. Right-click parcel02sel in the table of contents and click 
Open Attribute Table. 

The selected parcels (those within 50 meters of a road) 
are highlighted. 
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FID 1 




FID 


AREA 


PERIMETER 


— PARCEL 1 


— 




0 


Polyqon 


28 


18743.94634 




0 






1 


Polyqon 


31 


38233.8468 


782.65661 


S 






2 


Polyqon 


32 


40484.20606 


804.84396 








3 


Polyqon 


33 


40834.56088 


808.30515 


- 

S 






4 


Polyqon 


53 


36221.4449 


761.30065 


fl 






5 


Polyqon 


54 


38340.25769 


783.39457 








6 


Polyqon 


55 


38504.58681 


785.1 1244 


0 






7 


Polyqon 


56 


36959.79042 


769.00311 


0 






8 


Polyqon 


59 


18802.67008 


579.521 29 


0 






9 


Polyqon 


60 


36864.35396 


768.01306 


0 






10 


Polyqon 


77 


1467.35622 


288.44957 


0 






11 


Polyqon 


197 


15820.10382 


515.86148 


6 






12 
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Scroll to the right in the Attributes window, right-click 
the ROADDIST field (the cursor changes to a down 
arrow when it's over the field name), and click 
Calculate Values. 
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The Field Calculator dialog box appears. Since you 
clicked the ROAD DIST field, ArcMap starts the 
calculation expression for you by displaying 
"ROAD DIST =". 

Click in the expression box and type "50" to complete 
the expression. 
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Field Calculator 
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Fields Type Functions 




7. Click OK. 

ArcMap assigns a value of 50 to the ROAD DIST field for 
the selected parcels — the ones within 50 meters of a road. 
All other parcels have a value of 0 for ROAD DIST. You'll 
use these values along with the JUNC DIST values to 
color code the highly suitable parcels on your final map. 
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8. Click the Editor dropdown arrow on the Editor toolbar 
and click Stop Editing. Click Yes when prompted to 
save your edits. 
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» Task: 
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Save Edits 





When you save your edits, ArcMap clears the selected set 
of features, so you'll be able to start with the full set of 
suitable parcels to find the ones near the wastewater 
junction in the next step. 

Keep the parcel02sel attribute table open since you'll need 
it in the next step, but you may want to move, resize, or 
minimize it so you can see the map. 

Measure and assign the wastewater junction 
distance 

The City would prefer that the plant site be within 
1,000 meters of the point where the plant will connect to 
the existing wastewater system. The council is willing to 
accept parcels that extend beyond the 1,000-meter buffer as 
long as most of the parcel is within the buffer. Parcels 
within 500 meters are even more desirable. 
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You need to find the parcels within 500 meters and 
1,000 meters of the main wastewater junction and tag them 
with the distance. For this task you'll use a number of the 
tools you used previously: buffer, selection, and attribute 
editing. Rather than give you step-by-step instructions, 
we've listed the major steps to give you a chance to work 
through the task yourself. You can review the previous 
sections if you need help with the specific steps. 

Add the wastewater junction coverage to the map (it's 
located in the utility folder under the City share folder). 
The junction coverage contains the main wastewater 
junction point where the new plant will connect to the 
existing system. 

Use the Buffer Wizard to buffer the junction to 500 meters 
and 1,000 meters. You'll specify that the buffer be created 
as multiple rings. There will be two rings, and the distance 
between them is 500 meters. You can use the option not to 
dissolve between the buffers (since there will be no 
overlap, anyway). Create a new layer in the Analysis folder 
and name it junction02buf. 
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How do you want to create buffers? — 
C At a specified distance 



C Based on a distance from an attribute 

f$ANGLE 3 in Meters 



■ 

Number of rings: 
Distance between rings: 



I* 



~7| Meters 



o o o 



oO 



Distance units are: | Meters 



"3 
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The buffers draw on the map but obscure the junction and 
the parcels. Change the symbology of the junction02buf 
layer so the buffers are drawn with no shading (use "no 
color" as the fill color). 

Now you can see which parcels are within 0 to 500 meters 
and within 500 to 1,000 meters of the junction. Next you'll 
select each set of parcels and tag them with the respective 
distance. 




Use the Select Features tool to select the 500- to 1,000- 
meter buffer by pointing at it. Then use Select By Location 
to select the parcels in parcel02sel that have their center in 
the features of junction02buf. This will select all the 
parcels between 500 and 1,000 meters from the junction. 
Close the Selection dialog box when you're done. 
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Use the Editor toolbar to start editing parcel02sel (make 
sure parcel02sel is the target layer). Open the attribute table 
for parcel02sel (click the Restore button if you minimized 
it before) and assign the value 1000 to the JUNC_DIST 
field for the selected parcels. Save your edits, but don't 
stop editing yet. You'll notice that some of the suitable 
parcels are both within 50 meters of a road and 
1,000 meters of the junction, a few are more than 50 meters 
from a road but within 1,000 meters of the junction, and 
quite a few are not near either (both fields have 
values of 0). 
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Now switch the selected features for junction02buf so the 
0- to 500-meter buffer is selected (or simply use the Select 
Features tool to select the inner buffer). Then select by 
location to select the parcels that have their center in the 
selected features of junction02buf (i.e., the 0- to 500-meter 
buffer). Now you'll have only those parcels within 
500 meters of the junction. 
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Assign the value 500 to the JUNC DIST field for the 
selected parcels. 
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Stop editing and save your edits. Then save your map. 
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Now you've assigned the distance from the wastewater 
junction to those parcels within 500 and 1,000 meters. On 
your final map, you'll color code the parcels based on their 
distance to roads and the wastewater junction so the City 
Council and the public can see which are the highly 
suitable parcels. 

Another way of selecting the parcels near the junction 
would have been to use select by location with a buffer 
distance, but by creating the junction02buf layer you'll be 
able to display the rings on the map to make it easier for 
the City Council and public to visualize the distance from 
the wastewater junction. 
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Finding suitable parcels meeting the 



The final step in the analysis is to find suitable parcels that 
are large enough to construct the wastewater treatment 
plant on. The minimum required area for constructing the 
plant is 150,000 square meters. You'll check the 
parcel02sel attribute table to see which parcels are at least 
this large. 

Sort the parcels by AREA 

The parcel02sel attribute table should still be displayed. 

1 . Scroll to the left, if necessary, to see the AREA field. 

2. Right-click AREA and click Sort Descending. 
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The largest parcels are listed at the top. 
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uired total area 



None of the suitable parcels is anywhere near 
150,000 square meters in size. In fact, the largest one is 
only a little over 60,000 square meters (you may need to 
scroll to the top of the table to see it). It looks like the City 
is going to have to assemble the plant site from several 
parcels or else relax their criteria to include more parcels as 
possible sites. You'll check to see if there are several 
adjacent suitable parcels that total 150,000 meters. 

Check for adjacent parcels totaling 150,000 sq. m 

You'll first identify several parcels to see how large they 
are, then select a group of them to see if they total 
150,000 square meters in area. 

1. Right-click parcel02sel in the table of contents and click 
Zoom To Layer, then uncheck junction02buf so it's no 
longer displayed. Move the attribute table to better see 
the parcels, if necessary. 
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2. Click View and click Identify Results. 
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3. Click the Layers dropdown arrow in the Identify Results 
box and click parcel02sel. 



Identify Results 
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That sets parcel02sel as the layer to identify features in. 
Leave the Identify Results box open. 
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4. Click the Identify tool. 



iToolsE 



Identify _©] M 



5 . Click the parcel adjacent and just to the west of the 
wastewater junction. 
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You can see that this parcel is just under 37,000 square 
meters in area. 




□■■parcel02sel [Location: (479820.307621 3771 71 9.91 9545) 
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FIDJ 7 

Shape Polygon 
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PARCEL_1_ 0 

PARCELJJ 0 

APN 029204412 

LANDUSE 732 



6. Click the parcel to the left of the previous one. 



This parcel is about 38,500 square meters. You can see that 
most of the suitable parcels near the junction are about the 
same size. It looks like four contiguous parcels together 
will total about 150,000 square meters. Close the Identify 
Results box. 

7. Click the Select Features button. 
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Click and drag a box around the intersection of 
four contiguous parcels. 



The parcels are highlighted on the map and in the 
attribute table. 





































































r 




II 






























FID 1 




FID 


AREA 


PERIMETER 












Polyqon 


215 




3.49249 




1 274.631 54 


zi 




26 Polyqon 


217 


41 476.831 05 


837.99145 




30 Polyqon 


223 




2.43451 




839.65045 




3 Polyqon 


33 


40834.56088 


808.3051 5 




12 Polyqon 


198 


4081 9.3698 


832.33905 




29 Polvqon 


220 


40766.1 2503 


831.8554 




21 Polyqon 


200 


40539.97483 


830.42319 


u 






22 Polyqon 
2 Polyqon 


210 

32 


40538.89616 
40464.20606 


830.45889 
804.84396 




23 Polyqon 


211 


40451.1 2549 


829.90172 




15 Polvqon 


201 


40447.931 71 


828.67386 






19 Polyqon 


207 


40399.3088 


829.21 134 




i 


13 Polyqon 


199 


40273.55258 


828.56194 


34 Polyqon 


233 


40259.20411 


827.7501 5 


28 Polyqon 


219 


40199.34022 


827.66066 




14 Polvqon 


200 


39982.66727 


826.30124 




18 Polvqon 


206 


39573.91057 


822.61252 




20 Polyqon 


208 


39543.99025 


822.76999 






32 Polyqon 


231 


3941 4.04288 


903.078 


a i dim. 




27 Polyqon 
E Polyqon 


218 
55 


38551.53848 
38504.58681 


814.93337 
785.11 244 






5 Polvqon 


54 


38340.25769 


783.39457 




1 Polyqon 


31 


38233.8468 


782.65661 


















Record: Jjjjjj 0 > | " | 


Show: 


All 


Selected Records 


(4 out of 37 Selected.) 





187 



9. Right-click AREA in the table and click Statistics. 
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The Selection Statistics dialog box appears. 

ArcMap calculates summary statistics about the selected 
parcels and presents a graph of the distribution of values. 
You're not interested in the distribution of values in this 
case, but the statistics are useful. You can see the number 
of parcels selected (count), the size of the smallest and 
largest parcels, the total area, and the mean size of the four 
parcels. 
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The sum of the areas of these four parcels is just over 
158,000 square meters. There is enough room for the plant 
here. Further examination shows that there are a number of 
combinations of adjacent suitable parcels that will provide 
enough room for the plant. (You can use the Select Features 
tool to draw a box around different groups of parcels or 
select a parcel by clicking on it and then clicking additional 
parcels while pressing the Shift key to add them to the 
selected set. Then recalculate the statistics to see the total 
area.) 

10. Close the Selection Statistics dialog box and the 
attribute table when you're done selecting parcels. 

11. Click Selection and click Clear Selected Features. 

So it looks like the City will be able to piece together a site 
for the plant. You decide to set up an interactive session at 
the City Council meeting using a big screen so you can 
query different combinations of parcels on request from the 
council members. 
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Reviewing the analysis results 

Anticipating one question the City Council is likely to ask, 
you decide to see if there are any parcels in the study area 
at least 150,000 sq. meters in size and, if so, why they 
didn't make the final cut. 

You'll use select by attribute to find any parcels greater 
than 150,000 square meters, then display them with the 
analysis layers to see which criteria they do or don't meet. 

Find any parcels at least 150,000 square meters in 
size 

1. Uncheck parcel02sel and streets and check parcelOlmrg 
so you can see all the parcels in the study area. 

2. Right-click parcelOlmrg in the table of contents and 
click Zoom To Layer. 
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Performing the analysis 



3. Click Selection and click Select By Attributes. 

4. Click the Layer dropdown arrow and click parcelOlmrg. 
Use the default method (Create a new selection). 

5 . Double-click AREA in the Fields list, click the greater 
than or equal to sign (>=), and type "150000" to create 
the query expression. 

The expression should look like this: 

"AREA" >= 150000 

6. Click Apply, then click Close to close the dialog box. 



Select By Attributes 
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There are three parcels of at least 150,000 square meters. 
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First check to see if the parcels are vacant. 

7. Right-click parcelOlmrg in the table of contents and 
click Open Attribute Table. 

8. Click Selected at the bottom of the table window to 
show just the selected parcels. 





374.35753 


0 








2977.36343 


0 




756.46672 


0 




535.97827 


0 


T 






Show: All Selected 


Records (3 out of 280 Selected.) 





190 



Two of the parcels have no land use code, but the other has 
a code of 732, which is vacant (you may need to scroll to 
the right to see the LANDUSE field). 
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9. Click the box next to the vacant parcel to highlight it. If 
necessary, minimize or move the table so you can see 
the highlighted parcel on the map. 




So the two parcels in the upper left of the study area were 
rejected because they weren't classified as vacant land. 
You'll have to check with the City Assessor to find out the 
actual land use for the parcels — it might be that they're 
vacant but were never assigned land use codes in the 
database. In the meantime, though, you'll check to see why 
the third parcel was rejected. 

10. Close the attribute table. 
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Display the selected parcels with the criteria layers 

1. Check the resparkflood layer to display it. 




You can see that the two parcels in the upper left are mostly 
within this layer, which includes the flood zone and buffers 
around parks and residential areas. 

2. Check the floodzone layer, then click and drag it above 
respark flood in the table of contents. 
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Now it's clear that the two parcels are outside the 
residential and park buffers but are within the flood zone. 
So even if these parcels are vacant, they'd be rejected for 
being inside the flood zone. The third parcel, though, is 
outside the flood zone and the park and residential buffers. 




3. Uncheck respark flood and flood zone and check 
low river. 
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The City required that suitable parcels be completely or 
mostly within this area. More than half of this parcel is 
outside the area. 

4. Check the lowland layer, then uncheck low river. 




The parcel is fully within the lowland layer, so it must be 
the river buffer that it's mostly outside of (that is, most of 
the parcel is more than 1,000 meters from the river). 

5 . Uncheck lowland and check the river04buf layer. 
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Yes — that's why it was rejected. Still, a portion of the 
parcel is within the buffer, and the parcel is also adjacent to 
the wastewater junction, a big plus. You decide to highlight 
it on the final map to call it to the City's attention as a 
possible alternate site. Any additional construction costs 
may be offset by the cheaper land costs involved in buying 
a single parcel rather than four separate ones. 

Create a layer containing the alternate site 

1. Click the Select Features tool. 
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2. Click inside the alternate site (but outside the river 
buffer) so it is the only parcel selected. 
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3. Right-click parcelOlmrg in the table of contents, point 
to Selection, and click Create Layer From Selected 
Features. 
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ArcMap adds the layer containing the single parcel to 
the map. 




4. Click the layer name (parcelOlmrg selection) to select it, 
then click again to highlight the name. 

5. Type "alternate site" as the new layer name and press 
Enter. 




This is a temporary layer for this map — it is not stored as a 
separate layer file. In the next chapter you'll change its 
symbology and add it to the final map. 
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Clean up the table of contents 

You won't be using several of the analysis layers on your 
final map, so you can remove them at this point. 

1. Click floodzone, then press the Ctrl key and click 
respark flood, low river, lowland, river04buf, and 
parks_polygon so they're all selected. 

2. Right-click one of the selected layers and click Remove. 
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At this point, your map should only include the following 
layers: 

alternate site 

junction02buf 

junction point 

parcel02sel 

riverOSexp 

parcelOl mrg 

streets 

If any other layers are still on your map, go ahead and 
remove them. 

3. Click File and click Save to save your map. 

The analysis phase of the project is finished, at least for 
now. GIS makes it easy to modify your criteria and rerun 
the analysis, if necessary. 

There are many questions that GIS analysis can help you 
answer and many different approaches. This analysis 
showed one approach to solving a particular problem using 
several of the most common GIS analysis tools: buffer, 
overlay, and selection. You'll combine these tools and 
others in various ways when performing your own 
analyses. 

In the next chapter you'll make a map to present the results 
of your analysis to the City Council and the public. 
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Presenting the results 



w 



8 



IN THIS CHAPTER 

• Creating a map layout 

• Changing layer symbology 

• Creating a report 

• Adding map elements 

• Printing a map 



In this chapter you'll create a poster-sized map to present the results of your 
analysis. The poster will contain three maps. One map will show the 
geographic relationship of the suitable parcels to the rest of the City. 
Another map will show all of the suitable parcels. The third map will show 
the highly suitable parcels symbolized according to their proximity to the 
main wastewater junction and to roads. You will label these parcels with 
their parcel identification numbers. 

You'll also create a report showing parcel identification numbers, area, and 
distance from the junction for the highly suitable parcels. 

The map will also include explanatory text, a North arrow, legends, scale 
bars, and a title. 
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Designing the map 



You'll want to give some thought to the map design before 
you start laying out the map. The design should reflect how 
the map will be used and who the audience for the map is. 
In this case, your map will be displayed at a City Council 
meeting. The council members are probably familiar with 
the issues involved in siting the wastewater treatment plant, 
but the members of the public attending the meeting may 
not be. Both groups will want to see the location of the 
suitable parcels in relation to the rest of the City. They'll 
also want to see all the suitable parcels, as well as the most 
likely candidates for the plant site, with additional 
information about the highly suitable parcels. 

You'll first want to decide what elements will be on the 
map and list them. Then decide how the elements will be 
arranged on the page. 

In this case, you'll create three maps on one poster-size 
page for display at the City Council meeting. 

1 . An overview map of the City showing the location of 
the study area and including the following layers: 

• Streets (streets. lyr) 

• The river (riverOSexp) 

• The elevation grid (elevation grid.lyr) 

• The study area extent (graphic rectangle) 
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2. A map of the study area showing all suitable parcels and 
including the following layers: 

• Suitable parcels in one color (parcel02sel) 

• Other parcels in a different color (parcelOlmrg) 

• The alternative site shaded using diagonal hatching 
(alternate site) 

• The wastewater junction (junction point) 

• The 500- and 1,000-meter buffers around the junction 
(junction02buf) 

• The river (riverOSexp) 

3. A map of the highly suitable parcels including the 
following layers: 

• Highly suitable parcels color coded by distance from 
roads and from the wastewater junction and labeled with 
their parcel numbers (parcel02sel) 

• All other suitable parcels in a neutral color (parcel02sel) 

• The alternate site shaded using diagonal hatching and 
labeled with its parcel number and area (alternate site) 
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You'll also want to include other map elements and 
explanatory text to make the map easier to understand and 
more attractive. 

The additional map elements are as follows: 

• Report listing the highly suitable parcels 

• Text block listing the site selection criteria 

• Map title 

• Scale bar for each data frame 

• Legend for each data frame 

• North arrow 

• City logo 

• Map reference information 

• Graphic rectangles to complete the map composition 

Once you've decided on what the maps should show and 
what other elements to include, you'll want to decide how 
the elements will be arranged on the page. While it's very 
easy in ArcMap to move and resize the individual maps and 
other elements on the page, you may want to make a sketch 
on paper to use as a guide. The sketch should show at least 
the approximate position of the maps and map elements 
and contain notes about the page size and map sizes. You 
can reposition and resize the elements interactively as you 
create the map. 
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Here's a sketch for the map you'll create. 
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Study area 
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City overview 



&EST PARCELS 



Parcel 




Site 


report 




criteria 
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Here are the major steps you'll complete to create the map: 

• Create the three data frames. 

• Modify the data frames to show the required layers and 
geographic extent. 

• Create and add the parcel report. 

• Add the text block listing the site criteria. 

• Add the legends and scale bars for each data frame. 

• Add the other map and graphic elements (North arrow, 
title, logo, map reference information, graphic 
rectangles). 
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Setting up the map page 



You'll be creating a poster-sized map with three data 
frames, one for each map. You'll work in both data view 
and layout view to create the map. 

If necessary, start ArcMap and open the water project.mxd 
map (located in the project folder). The map should 
currently have the alternate site, junction point, and 
parcelOlmrg layers displayed. 



File Edit View Insert Selection lools Window Help 
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Switch to layout view 

First you'll switch from data view to layout view. 
1 . Click View and click Layout View. 

File Edit |View insert Selection Tools \A flndow Help j 
Data View 




Zoom Data ► 

The map switches to layout view and displays the map 
page filled by a data frame containing the currently 
displayed layers. The Layout toolbar also appears. 

File Edit v,*-. Ih:eit Selection Tool-. ^nido- Help 
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Layout view lets you view several data frames on a single 
page and interactively work with the map elements. A data 
frame is a way of organizing layers together on a map page. 
Currently there is only one data frame on the page, 
indicated by the rectangle. 

The Layout toolbar contains tools for zooming and panning 
on the page itself. The tools on the Tools toolbar let you 
work with the data inside the data frame, just as you do in 
data view. 



map page 





Layout 
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33% j-J 


mis] 



Zoom in on data 
in data frame 





Toolsl 
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Change the page size 

You'll set the page size to accommodate the final printed 
map. 

1 . Right-click on the page, outside the data frame, and 
click Page Setup (if you right-click inside the data 
frame, you open the data frame Properties dialog box). 
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.1?. |3 14 |5 ,6 ,7 



Copy •-■ 

© Paste Orl+V 
Select All Elements 
Rulers 
Guides 
Grid 
Margins 



• [□I 



J _!J 



The Page Setup dialog box appears. The Same as Printer 
box is checked, indicating that ArcMap will automatically 
detect the printer's page size. 

The City has another printer that is capable of printing 
D size (22 x 34 inch) pages, so you don't want the page 
size to be the same as the default printer. 
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2. Uncheck Same as Printer. 

3. Click the Standard Page Sizes dropdown arrow and 
click D. 

Now the virtual page for the map will be 
22x 34 inches — D size. 

You want the map poster to be wider than it is high, so 
change the page orientation. 

4. Click Landscape, then click OK. 



-T~ Same as Printer 
Standard Page Sizes: 

^^^^ 



34 |lnches 



Height: |~ 



r Portrait 



_ 



■Map Setup 

Output Image Quality: 
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Scale map 
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|~~ Show pi i Layout 
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| HP LaserJet 11 00 




Printer Page Size: 
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d 


Page Orientation: 
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Printer Engine: 
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ArcMap adjusts the size and orientation of the page. 




You'll use the existing data frame to display the suitable 
parcels. In the next steps you'll resize the data frame and 
make a copy of it to display the City overview map. 

Resize the data frame 

First you will make this data frame smaller. 
1. Click the Select Elements button. 



|Too...B 








ft « 












0 M 









-Select Elements 
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2. Right-click near the middle of the data frame and click 
Properties. 




The frame is highlighted, selection handles appear at the 
corners and sides of the frame, and the Data Frame 
Properties dialog box appears. 

3. Click the Size and Position tab. 

You can move and resize elements on the page by clicking 
and dragging the whole element or one of its selection 
handles, or you can set the position and size by typing the 
values in page units in the Data Frame Properties dialog 
box. You'll set the size and position of the first data frame 
explicitly by typing the values. 

You want the upper-left corner of the data frame to remain 
where it is, but resize the data frame to be 12-by-9 inches. 

4. Click the upper-left anchor point in the Position panel. 

5. In the Size panel, type 12 in the Width box and 9 in the 
Height box. Click OK. 
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Position 



General | Data Frame | Coordinate System | Illumination 1 Grids 
Labels I Annoto.tion ] Extent Rectangles ] Frame Size and Position 

[ 



Y: r 



\~ As Offset Distance 
Anchor Point: 



Ho- 
I 



J 
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■Size 

Width: 

Height: 



\~ As Percentage 
r Preserve Aspect Ratio 



The data frame is resized, and the layers are scaled 
down to fit inside. 



Copy the data frame 

Now you'll make a copy of the data frame to contain the 
City overview map. 

1 . Click Edit and click Copy. 



File 


Edit View insert Selection Tools Window Help 




0 Undo Data Frame Properties 


Ctrl+Z 






Redo 


Ctrl+Y 






& Cut 


Ctrl+X 












Gl Paste 


Ctrl+V 





2. Click Edit and click Paste. 

The copy of the data frame is pasted onto the map on 
top of the original data frame. 

3. Click on the data frame and drag the copy to the right of 
the original. 




Both data frames display the same layers. 
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You'll use the new data frame to show the position of the 
project area with respect to the rest of the City and the 
original one to show all of the suitable parcels. You'll add a 
third data frame to show the highly suitable parcels, but 
first rename the other two. 

Rename the selected data frame 

The table of contents is divided into sections by data frame. 
Both data frames in the table of contents have the same 
title — "Layers" (the default) — because you copied one to 
create the other. 

The data frame that you have just pasted onto the map is 
still selected — you can see its selection handles in the 
layout view. 

1. Scroll through the table of contents until you see the 
Layers heading in bold type. 

This is the data frame you just added. The bold type 
identifies this data frame as the selected data frame. 

2. Click the bold Layers heading in the table of contents to 
select it. 
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3. Click Layers again to highlight the name. 

(If you click twice rapidly — a "double-click" — on the name 
of a data frame, you will open the Data Frame Properties 
dialog box. You do not need to change any properties of the 
data frame at the moment, so if you get this dialog box, just 
click Cancel and try again.) 




You can now type a new name for the data frame. 
4. Type "City Overview" and press Enter. 



! „l 


- 3 City Overview | 




E 0 alternate site 
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□ □ junction02buf 




□ 





Rename the original data frame 

Now you'll rename the other data frame. 

1 . Scroll through the ArcMap table of contents until you 
see the Layers heading. 

2. Click Layers to select the data frame, then click it again 
to highlight the name. 
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E ^ City Overview 

□ 0 alternate site 

□ 

E □ junctionOSbuf 
□ 

E 0 junction point 

a 

E □ parcel02sel 
□ 

E □ river03exp 
E 0 parcelO"! mrg 
E □ streets 



E 0- Layers 

E 0 alternate site 

□ 

E □ junctionOZbuf 



Type "Study Area" and press Enter. 



E ^ Study Area 
E 0 alternate site 

□ 

E □ junctionOZbuf 



Insert a new data frame 



Now add the third data frame, which will show the highly 
suitable parcels. You'll do this by inserting a new data 
frame rather than copying an existing one. 

1 . Click Insert and click Data Frame. 



File Edit View | 


insert 


Selection Tot 


dIs Window Help | 






Data Frame 




M Title 
A Text 



The new data frame appears as the selected data frame 
in the center of the map and is listed at the bottom of the 
table of contents, named New Data Frame 2. 
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2. Click New Data Frame 2 in the table of contents to 
select it, then click again to highlight the name. 
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3. Rename the data frame by typing Best Parcels, then 
press Enter. 

You want the new data frame to be the same size as the 
others (12-by-9 inches) and positioned below the Suitable 
Parcels data frame, so you'll resize and move it. 

4. Right-click inside the new data frame on the map and 
click Properties. 

5. Click the Size and Position tab. 

6. Double-click in the Width text box and type 12, then 
double-click in the Height text box and type 9. Click 
OK. 



Data Frame Properti 



I General | Data Frame ] Coordinate System | Illumination j Grids 
Labels | Annotation | Extent Rectangles | Frame Size and Position 




1 4.9845 in 
r As Offset Distance 



Anchor Point: 




Height: \ 
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Apply 



The data frame is now the same size as the others. 
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7. Click and drag the data frame so it is positioned below 
the Study Area data frame. (It's OK if it's not lined up 
exactly — you'll align the data frames later.) 




The data frame is currently empty. You'll copy the layers 
you need from the Study Area data frame later, after you've 
changed their symbology. 

8. Click File and click Save to save your map so far. 
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Through the rest of the chapter, you'll want to periodically 
save your map in case you need to stop or take a break and 
come back to it. We'll remind you at the end of each 
section, but you may want to save more often. 

At this point, you've added the three data frames to create 
the basic structure of the map. Now you'll modify each 
data frame to display the necessary layers. In the next step 
you'll change the contents of the City Overview data frame 
to show the location of the suitable parcels with respect to 
the rest of Greenvalley. 
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Creating the overview map 



You want the City Overview data frame to show where the 
suitable parcels are relative to the rest of Greenvalley. 
Because most Greenvalley residents are familiar with the 
major streets of Greenvalley, you can use the streets to 
orient the map readers. You'll also display the river and the 
elevation grid so people can see that the study area 
containing the parcels is near the river and in the low-lying 
area. Later you'll add a rectangle showing the location of 
the study area. 

To create the map, you'll remove the unneeded layers from 
the City Overview data frame, change the extent of the area 
displayed in the data frame, and change the way the streets 
are displayed. Then you'll change the way the river is 
displayed and, finally, add the elevation grid layer 
underneath. 

Remove unneeded layers from the data frame 

It is often easier to work with the data in a given data frame 
in data view, particularly when the layout contains several 
data frames. 

1 . Click inside the City Overview data frame on the map 
page to select it. 
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2. Click View and click Data View. 

File Edit | View insert Selection Tools Window Help 

SI 

J5 Layout View 

On a map with multiple data frames, switching to data view 
shows you the data for the currently selected data frame. In 
this case, the selected data frame is City Overview. 

3. Scroll to the City Overview data frame in the table of 
contents, if necessary. 

4. Click alternate site under the data frame heading in the 
table of contents to select it. 
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Press the Ctrl key and click the following layers to 
select them as well: 

junction02buf 

junction point 

parcel02sel 

parcelOlmrg 

With the layers selected, point to one of the highlighted 
layers, right-click, and click Remove. 



E ^ City Overview 
□ I 



Q alternate site 
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junctionOSbuf 
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Q junction point 
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Copy 
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Save As Layer File.. 



roperties.. 



The layers are removed from the map. You could have 
left the layers in the data frame and just not displayed 
them, but it's easier to work with the data frame without 
the layers in the table of contents. 
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You should now have only streets and riverOSexp in the 
data frame. Neither are currently displayed. If any 
additional layers remain, remove them as well. 

7. Click the check boxes next to riverOSexp and streets to 
display them. 

8. Click the Full Extent button on the Tools toolbar. 
This zooms to the full extent of the remaining layers. 




Show the major streets 

The streets layer shows all of the streets of Greenvalley. 
Displaying only the major streets will be sufficient for 
showing the location of the suitable parcels and, in fact, 
will make the map easier to read. You'll modify the 
properties of this layer to simplify the representation of the 
streets. 
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1 . Double-click streets under the City Overview data frame 
in the table of contents. 




Double-clicking a layer is a quick way to get to its Layer 
Properties dialog box. 

2. Click the Definition Query tab. 

3. Click the Query Builder button. 



General | Source | Selection | Display | Symbology | Fields De abels | Joins & Relates | 

r^tirntion iji.n?rv 




OK Cancel 



The Query Builder dialog box appears. It's similar to the 
other query dialog boxes you've already seen. 

The Greenvalley streets in this database belong 

to three classes. Classes 3 and 4 are major streets; class 5 

streets are smaller streets. You will select the major streets. 
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4. Double-click [Type]. 

5. Click the less than or equal to button (<=). 

6. Double-click 4, review the query expression, and then 
click OK. 



Query Builder 



Fields 



Unique sample values 



[FIDJ] 
[NAME] 

[Shape_Length] 
[Type] 



Like 



And 



2ll 



J 



SQL Info... 



Complete List 



S E LE CT * FRO M Tran s p o rtati o n . stre et_arc WH E RE : 



IfType] <= A 





Clear 


Verify 


Help 


Load... 


Save... 



The query expression is added to the Definition Query 
tab of the Layer Properties dialog box. It should look 
like this: 



[TYPE] <= 4 
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7. Click OK on the Layer Properties dialog box. 




Only the major streets are displayed — the smaller streets 
are left off of the map. Using Definition Query is a 
quick way of showing only certain features in a layer 
without selecting them and creating a separate layer. 
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Now you can zoom to the area covered by the major 
streets. 

8. Right-click streets in the table of contents and click 
Zoom To Layer. 

Change the street symbol 

Because you have not yet specified a symbol for the streets, 
they are drawn in a randomly selected color. You want the 
streets to be drawn with a simple black line. 

1. In the table of contents, click the line symbol below the 
streets layer (you may need to scroll through the table of 
contents to locate it). 

Note that streets are also in the Study Area data frame — 
make sure you're working with the layers under the City 
Overview data frame. 
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2. Click the Major Road symbol and click OK. 



iry: | All 



Ramp Ramp 



Arterial Street Collector Residential 
Street Street 



Railroad River Boundary, Boundary, 

National State 



County Military I... Neighborhood 




The major streets of Greenvalley are now drawn on the 
map with a black line. 

Display the river and elevation layers 

You also want to display the river and elevation grid so that 
the City Council and the public can see that the study area 
was chosen based on its proximity to the river and its 
location in a low-lying area. 

1. Click the line symbol beneath the riverOSexp layer 
name. 
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2. Click the River symbol and click OK. 
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Ramp Ramp 



Major Road Arterial Street Collector Residential 
Street Street 
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-Options 
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The river is now drawn with a blue line. 

3. Click the Add Data button, navigate to the City layers 
folder, and click elevation grid.lyr. Click Add. 







Look in: m Cilyjayers 
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Name: |elevation_grid.lyr 


Add 




Show of type: |Datase 


▼ | Cancel 





If you get a warning message about the coordinate system 
for the layer, click OK. 

The elevation grid is added to the data frame and is 
displayed using the colors you specified when you created 
the layer. 
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The City Overview should now display the following 
layers, listed in this order in the table of contents: 

riverOSexp 

streets 

elevation 

4. Click View and click Layout View. 

The City Overview data frame on the map now shows the 
major streets, the river, and the elevation grid. ArcMap 
attempts to center the layers in the data frame. Since the 
river is along the top edge, it is only partially visible. 




5. Click the Pan tool on the Tools toolbar. 
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6. Click in the data frame and drag the layers down so the 
river is visible near the top of the data frame. 




□ A i □ 

Later in the chapter you'll add a rectangle to this frame to 
show the location of the study area. 

7. Click File and click Save to save your map. 

In the next step, you'll make the necessary changes to the 
Study Area data frame to show the suitable parcels. 
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Creating the map of suitable parcels 



This map will show suitable parcels shaded in one color 
and all other parcels in another color. It will also show the 
location of the wastewater junction, along with the 500- 
and 1,000-meter buffers around the junction. The map will 
also include the alternate site, shaded using a diagonal 
hatched pattern, and will display the river to help orient 
map readers to the location of the parcels. 

Set the display environment 

1. Click the Select Elements tool on the Tools toolbar. 

2. Click the Study Area data frame on the page (the one in 
the upper left). 




The data frame is selected and highlighted on the map, 
and the data frame name is shown in bold type in the 
table of contents. To make it easier to see the data 
you're working with, switch to data view. 

3. Click View and click Data View. 
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You'll be displaying all the listed layers in this data frame, 
except streets, so remove the streets layer. 

4. Right-click streets in the table of contents and click 
Remove. 

The data frame should now contain the following layers, 
listed in this order in the table of contents: 

alternate site 

junction02buf 

junction point 

parcel02sel 

riverOSexp 

parcelOlmrg 

If the data frame contains any other layers, you can remove 
them. 

Currently, alternate site, junction point, and parcelOlmrg 
should be displayed. 

Change the symbol for the parcels 

You'll use the parcelOlmrg layer as a background layer. 
This layer contains all the parcels in the study area. The 
foreground data in this data frame will be the layer 
containing only the suitable parcels (parcel02sel). It will 
display on top of the parcelOlmrg layer. 

1. Right-click parcelOlmrg in the table of contents and 
click Zoom To Layer. 

The parcels fill the data frame. 
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You want to emphasize the suitable parcels when you draw 
them on top, so change the color for the parcels in this 
layer to a light shade. 

2. Right-click the parcelOlmrg layer in the table of 
contents and click Properties. 

3. Click the Symbology tab. 

4. Click the Symbol button. 



General | Source [ Selection [ Display Symbology | Fields [ D« abels | Joins & Relates | 
jDraw all features using the same symbol. 
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5. Click the Fill Color dropdown arrow and click Blue 
Gray Dust. 
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6. Click OK. 

7. Click the Display tab on the Properties dialog box. 

8. In the Transparent box, type 70. 
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That will set the parcel fill color to be a lighter shade of the 
Blue Gray Dust color. 

9. Click OK. 

The parcels are now drawn in a light blue-gray. 
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Display the suitable parcels 

1 . Check the box next to the parcel02sel layer to display it. 

2. Click the symbol box beneath parcel02sel. 
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Click the Fill Color dropdown arrow and click Blue 
Gray Dust. 



No Color 



]■■□□□□□■■■■ 
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More Colors... 



4. Click OK on the Symbol Selector dialog box. 

Now the suitable parcels are drawn using a medium 
blue-gray, a darker shade of the color the rest of the 
parcels are drawn with. 
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Change the symbol for the alternate site 

Right now the alternate site is drawn using the default color 
ArcMap selected when you created the layer. You'll draw it 
using gray diagonal hatching so it is visible but doesn't 
detract from the suitable parcels. 

1 . Click the symbol box beneath the alternate site layer to 
display the Symbol Selector dialog box. 

2. Scroll to the bottom and click 10% Simple hatch. 
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3. Click the Fill Color dropdown arrow and click 
Gray 40%. 
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4. Click OK. 
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Display the river and the wastewater junction 

You'll also want to display the river and wastewater 
junction to show where the suitable parcels are in relation 
to these features. You know how to change the symbology 
for a layer at this point, so we'll just give you the major 
steps. If you need help, review the specific steps in the 
previous sections. 

Display the riverOSexp layer and draw it using the same 
symbol you used for the river in the City Overview data 
frame. 

The wastewater junction should already be displayed. Click 
the point symbol underneath the layer to display the 
Symbol Selector dialog box. Click a symbol of your 
choosing. You can use the Color dropdown arrow to change 
the color if you like. Use the arrows in the Size text box to 
set the size to 14 (points). 



Symbol Selector 



Category: | All 



• 


U 


A 


# 




Circle 1 






Pentagon 1 




# 


• 


m 


O 




Hexagon 1 




Rnd Square 1 


Circle 2 




□ 


A 


O 


o 




Square 2 




Pentagon 2 


Hexagon 2 




O 


□ 


0 


□ 




Octagon 2 


Rnd Square 2 




Square 3 




A 






0 


• 






Properties... 



216 



Display and label the junction buffers 

Finally for this map, you'll want to display and label the 
500- and 1,000-meter buffers around the wastewater 
junction. 

1 . Click the check box next to the junction02buf layer to 
display it. 

Now you'll label the two buffers by adding text to the data 
frame. You can also label features using a value stored in 
the attribute table. You'll do that later, on the map of highly 
suitable parcels. 

2. Click the New Text button on the Draw toolbar. 
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A text box appears. 
4. Type "500 meters" and press Enter. 




The text box is still active and highlighted with a box. 

5. Click the Bold button on the Draw toolbar to make the 
text appear in bold type. 



□1 


W3 


B | I U 





Bold 



If you make a mistake, simply click the text to select it, 
press the Delete key on the keyboard, and start over. 

6. With the text still selected, click and drag it to 
reposition it away from the outer buffer circle, if 
necessary. 

7. Add the second label, "1000 meters", in the same 
manner. 




8. Click View and click Layout to switch back to layout 
view and display your map at this point. 




9. Click File and click Save to save your map. 

You've completed two of the maps. In the next section 
you'll create the map of the highly suitable parcels. 
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Creating the map of highly suitable 



The third map will focus on the highly suitable parcels, 
color coding them by their distance from roads and the 
wastewater junction. You'll also label each parcel with its 
assessor's parcel number (APN) so people can associate 
the parcels on the map with the parcel report you'll create. 
Finally, you'll label the alternate site with its area. 

You've already changed the symbols in the Study Area data 
frame for several of the layers, so you'll copy the layers 
you need from that data frame into the Best Parcels data 
frame. Then all you'll need to do is change the color coding 
for the highly suitable parcels and label them. 

Copy layers from the Study Area data frame 

Now you can copy the layers you need into the empty data 
frame. Since the changes you need to make to the layers are 
minimal, you can continue to work in layout view. The map 
will be updated as you make the changes. 

The order in which you add the layers to the data frame 
determines the order in which they are drawn, with the 
most recently added drawn on top. To maintain the correct 
order, copy them in the reverse order to the order that they 
appear in the table of contents. 

1 . Right-click the parcelO lmrg layer under the Study Area 
data frame in the table of contents and click Copy. 



X Remove 



□ ^ City Overview 
E 0 river03exp 



(00 Open Attribute Table 
Joins and Relates 



<§i Zoom To Layer 
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2. Right-click the Best Parcels data frame in the table of 
contents and click Paste Layer. 







S Best Parcels 


^ Add Data... 




□ Study Area 


^ New Group Layer 




B 0 alternate 


^ Copy 


Ctrl+C 


\Z2 

□ 0 junctionO^ 


LjmI Paste Layer 


X Remove 


Set Reference Scale 



The parcelOlmrg layer is added to the Best Parcels data 
frame and appears on the map. 

Now copy the rest of the layers you need, in this order: 

parcel02sel 

junction point 

alternate site 

The Best Parcels data frame should now display these 
layers listed in the following order in the table of contents: 

alternate site 

junction point 

parcel02sel 

parcelOlmrg 

Create the layer of the highly suitable parcels 

To make it easier to display and label the highly suitable 
parcels, you'll select them and create a new layer in the 
data frame. You'll do this by creating a selection 
expression. In Layout view, queries are performed on the 
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selected data frame. You have been adding layers to the 
Best Parcels data frame, but it is not the selected data frame 
(Study Area is selected). Before you can query the parcels 
layer, you have to select the Best Parcels data frame. 

1 . Click the Best Parcels data frame on the virtual page to 
select it. 




Now you can select the highly suitable parcels — those 
within 50 meters of a road and/or 1,000 meters of the 
wastewater junction. These parcels have values greater 
than 0 for either or both the ROAD DIST and JUNC_DIST 
fields. 

2. Click Selection and click Select By Attributes. 

File Edit View Insert I Selection Tools Window Help 





I'eh Select By Attributes... 




% Select By Location... 




^ Select By Graphics 



The Select By Attributes dialog box appears. 
3. Click the Layer dropdown arrow and click parcel02sel. 
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4. Double-click ROAD DIST in the Fields list. 

5. Click the greater than button (>). 

6. Double-click 0 in the Unique values list. 

7. Click Or. 

8. Double-click JUNC_DIST. 

9. Click the greater than button (>). 

10. Double-click 0. 

The selection expression should look like this: 
"ROAD DIST" > 0 OR "JUNC DIST" > 0 



Select By Attributes 



Query Wizard... 



Layer: 


|parcelO£sel 


M 








Method : 


Create a new selection 


^^^^ 



Fields 



Unique values: 



"FIDJ " 

"FID" 

"AREA" 

"PERIMETER 1 

"PARCEL_1_" 

"PARCELJJ" 

"APN" 

"LANDUSE" 

"ROADJDIST" 

"JUNC_DIST" 
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11. Click Apply, then click Close. 

Now the highly suitable parcels are selected, and you 
can create a separate layer containing them. 




12. Right-click parcel02sel in the table of contents (under 
the Best Parcels data frame), point to Selection, and 
click Create Layer From Selected Features. 



□ 



!fe Copy 
X Remove 



D0 parcelOlmrg [qu Open Attribute Table 
Joins and Relates 



dyArea 
E 0 alternate site 

m 

□ 0 junctionOZbu 

□ 

□ 0 junction poin 
B 0 parcel02sel 11 



<^ Zoom To Layer 
Visible Scale Range 



I ^ Zoom To Selected Features 



Label Features 

Convert Labels to Annotation... 



13 Clear Selected Features 
EH Switch Selection 
m Select All 



Save As Layer File... 



iff 1 Properties... 



ArcMap creates a new layer in the Best Parcels data 
frame that contains the selected features. The default 
name is "parcel02sel selection". You'll rename it 
"highly suitable". 
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13. Click parcel02sel selection in the table of contents to 
select it, then click again to highlight the name. 

14. Type "highly suitable" and press Enter. 



Best Parcels 



□ ^J hiahlv suitable 

□ 

□ 0 alternate site 

□ 



The layer is renamed in the table of contents. Now you 
will change the way it is symbolized and add the parcel 
identification numbers as labels on the map. 

Color code the highly suitable parcels 

You'll color code the highly suitable parcels based on both 
their distance from roads and from the wastewater junction, 
using the ROAD DIST and JUNC_DIST fields. There are 
five possible pairs of values: 

Less than 500 meters from the junction and less than 

50 meters from a road (juncdist = 500 and roaddist = 50) 

Less than 500 meters from the junction but more than 
50 meters from a road (junc dist = 500 and road dist = 0) 

500 to 1,000 meters from the junction and less than 

50 meters from a road (junc dist = 1000 and road dist = 

50) 

500 to 1,000 meters from the junction but more than 

50 meters from a road (junc dist = 1000 and road dist = 0) 

More than 1,000 meters from the junction but less than 
50 meters from a road (junc dist = 0 and road dist = 50) 
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These distance values may play a part in the City Council's 
decision of which parcels to buy for the plant site. The 
parcels closer to the junction and close to a road are the 
most suitable, although other factors may come into play in 
the decision such as engineering issues (the slope and soils 
onsite) and economic issues (the ownership and assessed 
value of each parcel). 

You'll symbolize the highly suitable layer so that both 
distance values are communicated. 

1 . Double-click the highly suitable layer under the Best 
Parcels data frame in the table of contents. 

2. Click the Symbology tab. 

Currently, all the parcels are drawn with a single default 
symbol. 

3. Click Categories in the Show box and click Unique 
values, many fields. 

The Unique values, many fields option lets you color code 
features based on combinations of values from up to 
three fields. You need only two: JUNCDIST and 
ROAD DIST. 

4. Click the top dropdown arrow in the Value Fields 
section and click JUNC DIST. 

5. Click the second dropdown arrow in the Value Fields 
section and click ROAD DIST. 

6. Click Add All Values. 
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General | Source | Selection | Display Symbology | Fields | Definition Query | Labels j Joins & Relates | 



Features 

ie values 

Match to symbols in a sty 
Quantities 
Charts 

Multiple Attributes 



categories using unique values combining up to 3 fields. 

-Value Fields 

|JUNC_DIST 




Sym... | Value 


| Label 


Count 


H |<all other values> 


<all other values> 




11 1 



Add AH Values | Add Values... | 



Remove Values 



J_ 



Only four pairs of values are listed. Apparently there are no 
parcels in the fifth category (more than 1,000 meters from 
the junction, but less than 50 meters from a road). 

The pairs appear in this order: 

500, 50 

500,0 

1000, 50 

1000, 0 

The four pairs of values will be shown on the map with 
unique symbols. You'll draw the parcels within 500 meters 
of the junction in two shades of green (parcels near a road 
in a dark shade and parcels far from a road in a lighter 
shade) and the parcels between 500 and 1,000 meters from 
the junction in two shades of yellow. The remaining parcels 
(those meeting all the City's criteria but more than 
50 meters from a road and more than 1,000 meters from the 
junction) will be shaded using the same blue-gray you used 
in the Study Area data frame. 
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Change the symbol colors 

ArcMap uses default colors for the value combinations. 
You want to use two shades of green for the parcels within 
500 meters of the junction and two shades of yellow for 
parcels between 500 and 1,000 meters of the junction. 

1. Double-click the symbol box next to 500, 50. 



General | Source | Selection j Disp =ls j Joins & Relates | 



EE 



Features 
Categories 

Unique values 



h categories using unigue values combining up to 3 fields. 

-Color Scheme 



r Value Fields 

|JUNC_DIST 


yi 


|road dist 




<NONE> 


i 



01 




Syrn... | Value 



| Count | 



<all othervalues> 
<Heading> 

500, 50 
500,0 



•tall other values> 0 

JUNC_DIST. ROAD_DIST 1 Z 

500,50 A 

500,0 1 

1 000,50 5 



ues i 



■J 
■J 



Cancel | Apply 



The Symbol Selector dialog box appears. 

2. Click the Fill Color dropdown arrow and click Tarragon 
Green. 
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-Options- 



Fill Color: 



Outline Width: 



Outline Color: 



□hi 



No Color 



□□□□□□□□□□□□ 



,& — :: 

|Tarragon Green 



r 



I i arragon ureen| 



Properties 



More SymL_ 



More Colors.. 
=TT 



3. Click OK. 

4. Now select the colors for the other values in the same 
manner. Use the following colors: 

500, 0 Lemongrass 

1000, 50 Citroen Yellow 

1000, 0 Yucca Yellow 



No Color 








No Color 


□□□□□□□□□□□□ 

□ ■ □ □ □ rain □ □ ■ ■ ■ 

□ ■ ■ □ DCfnnnB| ■ 


□□□□□□□□□□□□ 
□ ■ ■ □ 

■ ■■■ £ -f^ll 


□ □ □ □ Dip □□□□□□ 
| Yucca Yellow| 


| Lemongrass | 


■■■■■■■■■■■■ 












More Colors... 


More Colors... 


More Colors... 



There are no other values in this case, so you can turn off 
the symbol for other values. 
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5. Click the check box next to "all other values" to 
uncheck it. 



Sym... 


Value 


Label 


Count 


u_ 


<all other values> 


<all othervalues> 


0 


<Heading> 


JUNC_DIST, ROAD_DIST 


M 




500,50 


500,50 


A 




500,0 
1000,50 
1 000,0 


500,0 
1 000,50 
1 000,0 


1 
5 











You also want to change the legend labels, so keep the 
dialog box open. 

Change the heading and value labels 

Now you'll change the labels that appear in the table of 
contents to make them easier to understand. These labels 
will also appear in the map legend when you create it. 

1 . Click the label field for the Heading and type "Distance 
to: Junction, Road". Rather than pressing Enter (which 
will close the dialog box), just click in the next label 
field to change the label. 

~Sym... | Value | Label | Count | 



□ |<all other values> <all othervalues> 0 

QJ^^^^^I ^^Distance to: Junction, Road P^B 

1 500, 50 500,50 A 

| 1 500,0 500,0 1 

□ 1000,50 1 000,50 5 

| | 1000,0 1 000,0 2 



2. Click the label field for 500, 50 and type 
"<500m; <50m". 
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Value 




I Count I 


U 1 


<all othervalues> 


<all othervalues> 


0 




<Heading> 


Distance to: Junction, Road 


M 






■<500rn; <50rn 










1 




1 000,50 


1000,50 


5 




1 000,0 


1000,0 


2 











3. Change the labels for the remaining three symbols. 
For 500, 0 type "<500m; >50m". 

For 1000, 50 type "500-1000m; <50m". 
For 1000, 0 type "500-1000m; >50m". 

4. Click OK. 




Now the highly suitable parcels have unique symbols based 
on distance from roads and the wastewater junction. The 
parcels shaded green are within 500 meters of the junction, 
and the parcels shaded yellow are between 500 and 
1,000 meters from the junction. The dark-shaded parcels 
(both green and yellow) are within 50 meters of a road, 
while the lighter shaded parcels are more than 50 meters 
from a road. 
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Label the highly suitable parcels 

Next, you'll label the highly suitable parcels with their 
APN so they can be identified in the parcel report. First, 
zoom to the highly suitable parcels to emphasize them on 
the map. 

1 . Click the Zoom In tool on the Tools toolbar and click 
and drag a rectangle around the highly suitable parcels 
and the alternate site. 

Since you're zooming in on the data — not the map 
page — make sure you're not using the Zoom In tool on 
the Layout toolbar. 




Before you add the labels, you will make sure that the 
correct field is used for labeling. 

2. Double-click highly suitable. 

3. Click the Labels tab of the Layer Properties dialog box. 

4. Click the dropdown arrow to select the label field and 
click APN. 

5. Check Label Features in this layer in the upper-left 
corner of the dialog box and click OK. 
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General | Source | Selection | Displr |t rnbolog | Fields ] Definition Query Labels | Joins & Relates | 



Method: | Lab I the same way. 

*- : : 

i-Text String 







AaBbYyZz 


Symbol.... | 


: 










Label Placement Option 


s... Scale Range... 




Label Styles... | 









Each highly suitable parcel is now labeled with its APN. 

It's hard to see how the labels will look since the map is 
currently scaled down to fit the screen. You can display the 
map at the actual size to see how it will look when printed. 

6. Click the Zoom to 100% button on the Layout toolbar. 



1 Layout 









Zoom to 100% 
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The map is now displayed in the ArcMap window at the 
printed size, but you're looking at the center of the map. 




• In *jj 



7. Click the Pan tool on the Layout toolbar and drag the 
map to the upper right until you can see the highly 
suitable parcels with their labels. 



Layout 




ED 


13 ® 




S M □ 0 9 9 |T00 jrj 


mm 



Pan 



The Pan and Zoom tools on the Layout toolbar let you 
move around the map page, whereas Pan and Zoom on the 
Tools toolbar let you change the geographic extent of the 
data displayed in the currently selected data frame. 
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The labels look pretty good, but they could be a little 
larger. 

8. Double-click the highly suitable layer in the table of 
contents to display the Layer Properties dialog box and 
click the Labels tab. 

9. Click Symbol. 



General | Source | Selection | Disp jery Labels | joins & Relates | 



Label Field: |APN 



[ 



t | Expressio 



Options 




Label Placement Options... | Scale Range... | 


Label Styles... | 







EE 



Cancel 
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The Symbol Selector dialog box appears. The labels are 
currently displayed using 8 -point type. 

10. Click the Size dropdown arrow and click 12 to make the 
labels 12 point. Click OK. 




11. Click OK on the Layer Properties dialog box. 
The labels are now larger and easier to read. 

12. Click the Zoom Whole Page button on the Layout 
toolbar to see the entire map again. 



Layout F 


LSI igpg 


-h 


@ a ioo j | a | 



I 

Zoom Whole Page 
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Create the label for the alternate site 

The alternate site won't be in the parcel report since it 
doesn't meet all the City's current criteria for a site for the 
wastewater treatment plant. However, you want to display 
its area. You'll label the parcel with its AREA field using 
the Layer Properties dialog box to set the properties before 
displaying the label. 

1 . Double-click alternate site in the table of contents to 
display the Layer Properties dialog box. 

2. Click the Labels tab. 

3. Click Expression. 



General) Source | Selection | Display) Symbology| Fields | Definition Query Labels | Joins & Relates | 



Label Field: |APN 




i- Other Options 






Label Placement Options... | Scale Range... | 




Label Styles... | 







J. 



The Expression Properties dialog box appears. You can 
create a Visual Basic (VB) or Java™ script to customize 
the way labels are displayed. You'll create a simple VB 
script to display the area value with a suffix of 
"sq meters". The area value is stored in the database 
using several decimal places, which you don't need to 
display, so you'll round the value to no decimal places. 
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You will need to create an expression that looks like 
this: 

Round( [AREA], 0) & " " & "sq meters" 

4. Click in the Expression box. 

5. Type the expression in full or type all the characters 
except the field name, which you can drag from the 
Label Fields box. 

The VB Round command has two arguments, enclosed in 
parentheses — the name of the field, AREA in this case, an( 
the number of decimal places to round to, 0 in this case. 
You enclose in double quotes any text you want to display 
as part of the label, in this case "sq meters". The double 
quotes with two spaces inside will ensure there is space 
between the area value and the suffix when the label is 
displayed. You use an ampersand (&) to connect the 
elements of the script. 
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6. Click the Verify button to make sure you entered the 
expression correctly. 

The Sample label box appears and tells you the 
expression is valid. It also shows you a sample of how 
the label will look. (Note that the value displayed in the 
Sample label box is not the actual value of the parcel.) If 
you get an error message when you click Verify, just 
check that you entered the expression correctly, make 
any changes, and click Verify again. 



Sample label 0_ 



The expression is valid. 
4946 sq meters 

I ! OK I 



7. Click OK to close the Sample label box and click OK to 
close the Expression Properties dialog box. 

Now you've specified what will be in the label. Next you'll 
want to change the way the label is displayed. 

Change the label properties and display the label 

1. Click Symbol on the Labels tab. 

The Symbol Selector dialog box appears. 

2. Click the Size dropdown arrow and click 12 to make the 
label 12-point text. 

Now the label will be large enough, but it will be drawn on 
top of the diagonal hatching and might still be difficult to 
read. You'll add a mask around the text so it appears on a 
solid background. 
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3. Click Properties. 



Category: | All 



•AaBbYyZz 
•AaBbYyZz 
AaBbYyZz 

•AaBbYyZz 



FTTH 



AaBbYyZz 



Color: 




j 



More Symbols *J 



The Editor dialog box appears to let you edit the text 
properties. You can see that the size is shown as 12, as 
you just specified. 

4. Click the Mask tab. 

5. Click Halo in the Style panel. 

The Preview panel shows you how the text will look. You 
want the mask to be wider to block out the hatching in the 
alternate site parcel. 

6. Click the up arrow in the Size text box to increase the 
mask width to 4 points. 

You also want the mask to be very light gray so it's easy to 
read the text. 
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7. Click Symbol to display the mask Symbol Selector 
dialog box. 




8. Click the Fill Color dropdown arrow and click 
Gray 10%. 



-Options 

Fill Color: 


□h| 






Outline Width: 
Outline Color: 


No Color 


□□□□□□□□□□□□ 
□J ■ 

□mrnnp ■ 

|Gray10%p innnnBBB 

■■■■■■■■■■■a 




■■□□□□□□□■■a 
■■■□□□□□■■■a 


Properties 






More Colors... 
I 


More Syrnl" 



9. Click OK to close the mask Symbol Selector. 

The Preview panel shows that the mask is light gray. 
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10. Click OK to close the Editor dialog box and click OK 
again to close the text Symbol Selector dialog box. 

1 1 . Check Label Features in this layer in the upper-left 
corner of the dialog box and click OK. 




lection | Displayj Symbologyj Fields | Definition Query Labels | Joins a Relates | 



-Text String 

Label Field: |APN 




Expression... | 
















AaBbYyZz 


Symbol.... | 








p Other Options 




Label Placement Optic 


ns... Scale Range... 




Label Styles... | 
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The alternate site is labeled with its area. 

12. Click the Zoom In tool on the Layout toolbar and click 
and drag a rectangle around the alternate site. 



— 
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You can see the label with its mask. 



i 6 r, 

: 029204409 
016763102 


i°. p. n? i" 

029204410 029204411 | 029204412 029 204119 


:016763101 


263333 sq meters 


j 

l □ | jj^ 



13. When you're done reviewing the label, click the Zoom 
Whole Page button on the Layout toolbar to view the 
entire map again. 

14. Click File and click Save to save your map at this point. 

The third map is complete, and the geographic information 
you need to present is now displayed in each data frame. 
Next, you'll create a report for the highly suitable parcels, 
add it to the map, and then finish laying out the map by 
adding the rest of the map elements. 
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Creating the parcel report 



You'll create a tabular report of the highly suitable parcels 
to provide additional information about each. The report 
will list the assessors parcel number, area, and distance 
from the junction for each parcel. You'll group the parcels 
by distance from the junction and sort them by size. 

First you'll design the report — specifying what should be 
included — and then you'll generate it and add it to the map. 

Design the report 

You'll specify the fields you want in the report, then you'll 
specify how to group and sort the parcels. 

1. Click Tools, point to Reports, and click Create Report. 



Selection 


Tools Window Help | 








l£ Editor Toolbar 






Graphs 


■ 




Beports 




Pj Create Report... 




Geocoding 




□ Crystal Re port Wizard... 




£r Add XV Data... 








ti? Add Route Events... 







The Report Properties dialog box appears, and the 
Fields tab is selected. The other tabs are dimmed since 
you haven't yet specified any fields to include in the 
report. 

2. Click the dropdown arrow in the Layer/Table text box 
and click highly suitable as the layer to create the report 
from. 

3. Double-click JUNC DIST to move it from the Available 
Fields to the Report Fields column. 
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4. Double-click APN and AREA to add them to the Report 
Fields column as well. 



\ Report Properties 



Fields Grouping | Sorting | Surnimary| Display | 



Layer/Table: Table of Contents Field: 

\& highly suitable |JUNC_DIST 



r Use Selected Set 




Load... Save... Generate Report Cancel Show SettincL- 



Now the other tabs are available. 
5. Click the Grouping tab. 
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6. Double-click JUNC DIST to specify this as the 
grouping field. 



J Report Properties 



Fields Grouping | Sorting | Summary | Display | 



Report Fields: 



|apn ! 

■■area 

I I 



Grouping Intervals | S~ 



JUNC_DIST Normal A... 





















Parcels less than 500 meters from the wastewater junction 
will be in one section of the report, and the parcels between 
500 and 1,000 meters from the junction will be in another. 

7. Click the Sorting tab. 

Here you specify which fields to use to sort the records and 
how to sort them. 

8. Click in the Sort column for AREA and click 
Descending on the dropdown list that appears. 



* Report Properties 



r ields| Grouping Sorting j Summary) Display) 



You can sort records by up to three fields, in either ascending or 
descending order 



Fields 


Sort 


Order 




None 

















The largest parcel will be listed at the top for each group. 
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You'll need to change the width for the APN column to 
make it wide enough to display the full assessor's parcel 
number. 

9. Click the Display tab, click Fields, and click APN. 

10. Double-click in the box next to Width and type 1 . Press 
Enter. 



v Report Properties 
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B Report 
B Elements 
+ Backc 
□ Fields 

E JUNC _DIST 

1 AREA 

Summary 



Propert 



Autosize 


True 


Horizontal Alignment 


Left 


Back Color 


□ 


Border 


None 


Font 


Times New Ro... 


Height 


0.261 


Left 


0 


No Data Text 




Text 


APN 


Vertical Alignment 
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Generate the report 



Now have ArcMap generate the report using the settings 
you have specified. 

1. Click Generate Report. 

II ii i 



Sets tine width in inches. 



Generate Report Cancel Show Setting 



The Report Viewer appears. The viewer lets you preview 
the report. 
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The report looks good, so add it to the map. 
2. Click Add. 



i 



l-ln|x| 



Export... Add... | Copy I (S^ ®. 
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18802.67008 
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1000 
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The Add to Map dialog box appears. 



Add to Map 
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Page Range ■ 

c Current 
Paqe 

r Pages: 



Number of pages: 1 



Enter page numbers and/or page ranges 
separated by commas. For example: 1,5,7-1 0 



Format: <* EMF 



OK 



Cancel 
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The report is only one page long, so you will accept the 
default settings. 

3. Click OK. 

The report appears on the map. 

4. Click the x button to close the Report Viewer and click 
the Close button to close the Report Properties dialog 
box. 

The Report tool asks if you want to save this report. 

5. Click No. 

6. Click the Select Elements tool, if necessary. 

7. Click and drag the report into position beside the Best 
Parcels data frame. 




8. Click File and click Save to save your map. 
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Adding the list of site criteria to the map 



So that the public as well as the City Council will be aware 
of the criteria used for finding a site for the plant, you'll 
add a text file listing the criteria. The City Council staff 
e-mailed you a text file containing a copy of the criteria. 
The file is stored in the project folder. 

1. Click Insert and click Object. 



File Edit View | Insert Selection Tools Window Help 
^ Data Frame 



frisi Title 
A Text 



[g] Neatline... 



\^ Legend 

North Arrow... 
™ Scale Bar... 
&ni Scale Text... 



E Picture... 



The Insert Object dialog box appears. 
2. Click Create from File, then click the Browse button. 



P" Create from File |C:\p 




r Display As Icon 



Inserts the contents of the file as an object into your 
document so that you may activate it using the 
program which created it. 



3. Navigate to the project folder, click Site Criteria.rtf, and 
click Open. 



HE] 



~3 tf||MMl 



_J Analysis 
Cityjayers 

County_share 

State_share 

ciV_logo.bmp 



srProject.ldb 
rProject.mdb 



.iter data.mxd 



■Site Criteria.rtf 



Open 



ype: |AII Files (*.*) 



4. Click OK. 

The text file is added to the map. 

5. Click and drag the text to the right of the parcel report. 

If you want, you can make the text smaller by using the 
green selection handles to resize the text block. Click the 
bottom-left selection handle and drag it toward the top- 
right selection handle (holding the Ctrl key while you drag 
the handle will reduce the text proportionally). It's okay if 
the selection box extends beyond the map page since it 
won't be visible once the text block is no longer selected. 
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Adding the map elements 



At this point you've added to the map the content you need 
to present to the City Council. Now you'll add the map 
elements to make the map easier to read and more visually 
attractive. 

Here are the elements you will add: 

• An extent rectangle to show the location of the study 
area on the City Overview data frame 

• Map legends 

• Scale bars 

• A North arrow 

• The map title 

• The City logo 

• Map reference information 

• Graphic rectangles to create a title bar and to enclose the 
map 

Add an extent rectangle to the City Overview map 

You will add an extent rectangle to the City Overview data 
frame that will show the location of the suitable parcels 
relative to the rest of the City. Extent rectangles show the 
size, shape, and position of one data frame in another data 
frame. 

First you'll need to select the City Overview data frame. 

1. Click the Select Elements button, if necessary. 

2. Click the City Overview data frame to select it. 

3. Right-click on the data frame and click Properties. 
The Data Frame Properties dialog box appears. 
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4. Click the Extent Rectangles tab. 

You will show the position of the Study Area data frame. 

5. Click Study Area in the Other data frames list. 

6. Click the top arrow button to move Study Area to the 
right list box. 



Data Frame PropertiE 



General | Data Frame 
Labels | Annotation 



Coordinate System | Illumination | Grids 
Extent Rectangles | Frame | Size and Position 



the extent of the data in one of the other data frames and automatically updates if the 
extent changes. 




Apply 



ArcMap lets you choose a variety of symbols for the extent 
rectangle, but the default black line will work just fine. If 
you want to change the symbol, click the Frame button to 
display the Frame Properties dialog box. 

7. Click OK on the Data Frame Properties dialog box. 
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Data Frame Propertie 



General | Data Frame ] Coordinate System | Illumination j Grids 
Labels | Annotation Extent Rectangles | Frame | Size and Position 

You can add one or more extent rectangles to this data frame. Each rectangle shows 
the extent of the data in one of the other data frames and automatically updates if the 
extent changes. 



these data frames: 



Best Parcels 


* 




Frame... 






V Show Leader 








Leader Symbol... | 




< 




_*] 



OK Cancel Apply 



The extent rectangle appears in the City Overview data 
frame, showing the position and extent of the Study 
Area data frame, but it's clipped by the edge of the data 
frame. 
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8. Click the Pan tool on the Tools toolbar and drag the 
layers down and to the right until the entire extent 
rectangle is visible. 




The City Council and public will now be able to see the 
location of the suitable parcels relative to the major streets 
of Greenvalley. 




Add the map legend for the City Overview map 

You'll want to add legends and scale bars for all three data 
frames. You'll select each data frame and create the legend 
and scale bar for each in turn. ArcMap automatically 
creates a legend based on the table of contents for each 
data frame. Once you've created the legend you can move, 
resize, and edit it. 
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The City Overview data frame should still be selected. 
1. Click Insert and click Legend. 



C ; 1 ._. c _j ;+ w;_ ... 

rile bait View 


Insert Selection Tools Window Help 




^ Data Frame 




[jm!] Title 
A Text 


(T| Neatline... 


HI Legend 


§ North Arrow... 



If the Legend Wizard dialog box appears, the ArcMap 
option to "Use wizards when available" is turned on (this 
option is under Options on the Tools menu on the 
Applications tab). You can proceed with the following 
steps using the wizard. If the Legend Wizard doesn't 
appear and the legend is added immediately to the map, 
skip to step 5 below. 
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The wizard automatically lists all the layers in the data 
frame for inclusion in the legend. You want all the layers 
for this map. 

2. Click Next. 

You don't need a title for the legend, so double-click 
Legend and press the Backspace key to delete the text. 




1 



Coloi 



Font: Arial 




You can use this to 
control the justification 
of the title with the rest of 
the legend. 




Click Preview. 

The legend is displayed in the center of the map (you 
may have to move the wizard dialog box to see it). 
You'll use the default settings for the rest of the legend 
properties, so you can exit the wizard at this point. 

Click Finish. 
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5. If necessary, click the selection handle in the upper-right 
corner of the legend box and drag it to the lower left 
until the legend will be small enough to fit on the page, 
to the right of the City Overview data frame. 








6. Click and drag the legend to the right of the City 
Overview data frame. 




7. Click the Zoom In tool on the Layout toolbar and click 
and drag a rectangle around the legend so you can see it 
better. 
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lA'ar I crater TrcaknEnl Plznl 3te F.cq'Jre merit 



You'll notice that the text for the river symbol reads 
riverOSexp, and the label for the elevation layer is "Value". 
ArcMap takes the legend text directly from the table of 
contents. You want to use more explanatory text in the 
legend. This is easy to change. 

8. Click riverOSexp under the City Overview data frame on 
the table of contents to select it. Click again to highlight 
the name. 

9. Type "river" and press Enter. 



^ City Overview 
B I 



□ 0 streets 



ll 
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The legend is updated with the new text. 




Now change the text for the elevation layer. 

10. Click Value under the elevation layer to select it, then 
click again to highlight the name. Type "elevation" and 
press Enter. 

1 1 . Click the Zoom Whole Page button on the Layout 
toolbar to see the entire map again. 

Add a scale bar for the City Overview map 

Each of the three data frames on the map is drawn at a 
different scale, so you'll need to add a scale bar for each. 
You'll add a scale bar for the City Overview data frame 
while it's still selected. 
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1. Click Insert and click Scale Bar. 



Hie Edit View 


Insert Selection Tools Window Help 


^ Data Frame 






^ Title 






A Text 






[g] Neatline... 






£1 Legend... 
i North Arrow... 






H Scale Bar... 






[™i Scale Text... 





The Scale Bar Selector dialog box appears. 
2. Click a scale bar that appeals to you and click OK. 



\ 



0 50 100 200 

1 i i i I i i i I 



Scale Line 1 
0 50 100 200 



Miles 
Scale Line 2 



| I I I | I I I | 



0 50 100 200 



Scale Line 3 



n_n_r 



0 50 100 200 300 400 
Stepped Scale Line 



0 50 100 200 300 400 

^^■Miles 



Alternating Scale Bar 1 



□ Miles 




sce ism 2.Tm 



Properties... 



More Styles 



The scale bar is added to the map. 
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3. Click the scale bar and drag it below the City Overview 
data frame. 




ArcMap knows the scale of each data frame and creates the 
scale bar accordingly. 

Add the other legends and scale bars 

Now you know how to add legends and scale bars to your 
map. We'll give you the major steps for the other two data 
frames, and you can work through the tasks yourself. You 
can review the previous sections if you need help with the 
specific steps. 

Select the Study Area data frame by clicking it. Insert a 
legend. You don't need to include the junction buffers or 
the parcelOlmrg layers in the legend, so remove them from 
the Legend Items list in the wizard (click each and click the 
< arrow at the bottom to move them off the list). You want 
the layers to appear in the following order in the legend: 
parcel02sel; alternate site; junction point; and riverOSexp. 
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Click parcel02sel in the list and click the up arrow twice to 
move it to the top. The layers should now be in the right 
order. The legend doesn't need a title, so remove it on the 
next screen in the wizard. Then preview the legend and 
click Finish to add it to the map. (If you're not using the 
wizard, after the legend is added to the map just right-click 
on it and click Properties. Then click the Items tab to 
change the layers that are displayed and click the Legend 
tab to remove the title.) 

Click and drag the legend to the right of the Study Area 
data frame. Make the legend small enough to fit between 
the two data frames by clicking and dragging the upper- 
right selection handle, if necessary. 

Change junction point to be just "junction", riverOSexp to 
be "river", and parcel02sel to be "suitable parcels". 



1* 

\ 


lli il 1 |t 

suitable parcels 








alternate site 




\ 


• 


junction 








river 








0 1 



Insert a scale bar for the Study Area data frame. Use the 
same style you used for the City Overview and drag it 
under the Study Area data frame (you may want to zoom 
and pan on the page to position the scale bar). 
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(If you zoom in on the two scale bars you've added so far, 
you can see that the City Overview map is at about half the 
scale of the Study Area map.) 

Select the Best Parcels data frame and insert a legend. You 
only need to include the highly suitable parcels, the 
alternate site, and the wastewater junction, in that order. 
This time include a title for the legend: Highly Suitable 
Parcels. Add the legend to the map, reduce its size if 
necessary by clicking and dragging one of the corner 
selection handles, and drag it to the right of the Best 
Parcels data frame, below the report. 



Highly Suitable Parcels 

Distance to: Junction, Road 
| | 500-1 000m; <50m 
| | 500-1 000m; >50m 

| <500m; <50m 
| | <500; >50m 

| alternate site 
• junction 



Finally, add a scale bar for the Best Parcels data frame and 
position it below the frame. 

Save your map at this point. 
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Now you are ready to add a few final map elements to 
finish the map. You'll include a North arrow, a map title, 
the City logo, and map reference information. You'll also 
add two graphic rectangles to tie the composition together. 

Add a North arrow 

You'll place a North arrow in the upper-left corner to show 
the orientation of the whole map. 

1 . Click Insert and click North Arrow. 



File Edit View 


Insert Selection Tot 


ills Window Help | 




^ Data Frame 




R-^n Title 
A Text 


gt] Neatline... 


[=1] Legend... 


El North Arrow... 


>= Scale Bar... 



The North Arrow Selector dialog box appears. 
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2. Click a nice-looking North arrow. Click OK. 



A 



+ i A 



ESRINorth? ESRINorth8 ESRI North 9 



The North arrow appears on the map. 

3. Click the North arrow and drag it to the upper-left 
corner of the map so it is a little lower than the top of 
the Study Area data frame. 
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Add a map title 

Next you'll add a descriptive title to the map, placed 
vertically along the left side of the page. 

1. Click Insert and click Title. 



File Edit View 


insert 


Selection To 


dIs Window Help | 




^ Data Frame 






li 


le 


A Text 



The text "water project" appears on the map. ArcMap 
uses the name of the map file as the default title. 

2. Type "Potential Wastewater Plant Sites". 

3. On the Draw toolbar, type "72" in the font size text box 
and press Enter. 



E ||Arial jj \?2 B I U 

The map title is redrawn in 72-point type. 
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4. Right-click on the title, point to Rotate or Flip, and click 
Rotate Left. 




The title is rotated. Now you can place it along the left 
edge of the map. 

5. Click on the title and drag it to the left edge of the map 
below the North arrow. 
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Add the City logo 

The map needs to have the City logo on it. You've got a 
bitmap version of the logo that you've used for previous 
projects stored in the project folder. 

1. Click Insert and click Picture. 

File Edit View | Insert Selection To ols Window Help j 
^ Data Frame 
fr^ Title 
A Text 
[g] Neatline... 

Legend... 
@ North Arrow... 
>= Scale Bar... 
i™] Scale Text... 

Object... 



2. Navigate to the project folder. 

3. Click city_logo.bmp and click Open. 



1 Open 






Look in: | _Jl project 




mm 




Analysis 
_|City_layers 
^JCity_share 
_|County_share 
_|State_share 












Filename: |city_logo.bmp 




Open 








Files of type: | All Formats 




Cancel 
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The logo is added to the map. You'll need to make it 
smaller and move it. 

4. Right-click the logo and click Properties. 




5. Click the Size and Position tab. 

6. Uncheck the As Percentage box and check the Preserve 
Aspect Ratio box. 

7. Click in the Width box and type 2.5 to make the logo 
2.5 inches wide. Click OK. 
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Frame j Picture Size and Position | 
-Position — 




r As Offset Distance 
Anchor Point: 



Width: [ 
Height: |~ 



\~ As Percentage 

W Preserve Aspect Ratio - 



J 



Apply 



Click and drag the logo to the lower-right corner of the 
map. 
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Add the map reference information 



You'll want to add information about the map itself for 
reference. At a minimum, this should include the map 
projection information and the date. You can also include 
your name, as the author of the map, if you'd like. 

1 . Click the New Text tool on the Draw toolbar. 



Drawing T 

















New Text 



2. Click beneath the logo. 

In the text box, you'll type the map projection information 
on the first line and the date on the second line. 

3. Type "UTM Zone UN, NAD 1983". 

4. Press the Ctrl key and press Enter to add a line break (if 
you press Enter without the Ctrl key, the text will be 
added to the map immediately). 

5. Type today's date on the second line. 

p , p° , f3i ; fsi ; [33 ; - 

j;ting wastewater junction 



Greenvalley ± 
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6. If you'd like, press Ctrl-Enter again and type your 
name. 

7. Press Enter to add the text to the map. 

The text box is still selected. You want to use 12-point 
type. 

8. Click in the text size box on the Draw toolbar, type 12, 
and press Enter. 

In an actual GIS project you might also include the sources 
of the data used on the map and the dates the data was 
collected, other contributors to the map, copyright 
information, and so on. 

9. If necessary, click and drag the text to reposition it so it 
lines up with the left edge of the logo. 

10. Click File and click Save to save your map at this point. 
Align the map elements 

At this point, you've added all the elements that you 
needed to the map — the extent rectangle, legends, scale 
bars, North arrow, title, and logo — and arranged them on 
the page. Before adding the graphic rectangles to complete 
the map, you'll want to align the data frames and other map 
elements. 

1 . Click the Study Area data frame to select it. 

2. Press and hold the Shift key and click the Study Area 
legend, the City Overview data frame, and the City 
Overview legend so that all four elements are selected. 
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3. Click the Drawing dropdown arrow on the Draw 
toolbar, point to Align, and click Align Bottom. 



N e w An n otati □ n Targ et. . . 
Active Annotation Target 


► 1 


H Group 




S Ungroup 




Graphic Operations 




Order 




Nudge 


► 


Align 




Distribute 






H Align to Margins 

|° Align Left 

£ Align Center 

■II Align Right 



The bottom edges of the four elements now line up. You 
can align other combinations of map elements the same 
way. 

Select the scale bars below the Study Area and City 
Overview data frames and use Align Vertical Center. 

Select the Best Parcels data frame and its legend and use 
Align Bottom. 
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Select the Study Area data frame and scale bar and the Best 
Parcels data frame and scale bar and use Align Left. 

Select the City Overview data frame and its scale bar and 
use Align Left. 

Select the Study Area legend, parcel report, and Highly 
Suitable legend and use Align Left. 

You may want to double check to make sure none of the 
map elements overlap (use the Pan and Zoom tools on the 
Layout toolbar) and move any elements accordingly. 

Finally, you'll add two graphic rectangles to make your 
map look more polished. The first will frame the title and 
North arrow, and the second will tie the entire composition 
together. 

Add graphic rectangles 

First you'll place a graphic rectangle behind the title and 
North arrow. 

1 . Click the New Rectangle button on the Draw toolbar. 
Drawing » [k~ □IH A T 



New Rectangle 
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2. Click below and to the left of the title, in line with the 
bottom of the Best Parcels data frame, and drag a 
rectangle around the title and the North arrow so the top 
of the rectangle is even with the top of the Study Area 
data frame. 

i_ 




The graphic rectangle appears on the map but covers the 
title and North arrow. 

3. Right-click the rectangle, point to Order, and click Send 
to Back. 
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X Cut 
■fe Copy 
X Delete 



Ctrl+X 
Ctrl+C 
Delete 



jjjEf Convert To Graphics 



H Group 
Ungroup 



■ 



1 











Nudge 
Align 
Distribute 
Rotate or Flip 



I ^1 Bring to Front 
^ ^ Bring Forward 



m 



The rectangle is now behind the title and North arrow. 

4. Click the dropdown arrow beside the Fill Color button 
on the Draw toolbar. 



5. Click a light blue from the color menu. 

The rectangle is drawn in light blue. 

The rectangle should encompass the title and North arrow. 
If you need to resize the rectangle, just click one of its 
selection handles and drag. If you need to reposition the 
title or North arrow so they fit within the rectangle, just 
click and drag them. 
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Now you'll place a second graphic rectangle behind all of 
the elements on the page to frame the map and tie the 
composition together. 

6. Click the Rectangle button on the Draw toolbar. 

7. Click at the upper-left corner of the map and drag a 
rectangle to the lower-right corner of the map. 

The second graphic rectangle appears on the map. 

8. Right-click the rectangle, point to Order, and click Send 
to Back. 

The rectangle is drawn behind the other map elements. 

9. Click the dropdown arrow beside the Fill Color button 
on the Draw toolbar. 
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10. Click Olivine Yellow on the color menu. 



| Mo Color | 

□ ■ □ □ □ pan n n n ■ ■ 

| Olivine Yellow| 



More Colors... 



You have completed the poster map for the City Council 
meeting. 




When you produce maps for publication, it is a good idea 
to check the final map for errors. This should include 
proofreading text, reviewing the symbology to make sure it 
is clear, and reviewing the map composition for balance. 
You should print the map to verify the colors — this will 
also make it easier to do other proofreading work. 
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Saving the map and printing it 



Now that you have finished laying out the map, you will 
save a copy of it. You'll still have the draft map if you need 
to make more changes. 

1. Click File and click Save As. 



File Edit View Insert Selection Tools Window Help 



' □ New... 


Ctrl+N 


Open... 


Ctrl+O 


H Save 


Ctrl+S 




Add Data... 



The Save As dialog box appears. 

2. Navigate to the project folder. 

3. Type "Wastewater Treatment Plant Sites" and click 
Save. 



ISave As 




X 


Save in: | Jj project jj Jg] &\ [MJ 




1 Analysis 

__|City_layers 
ZHCity_share 
^|Coun1y_share 
lJState_share 
©wastewater data.mxd 
@ water project.mxd 












Fi 1 e nam e : | Waste wate r Tre atm entPlantSites 


Save 






Save as type: |ArcMap Documents f.mxd) _*J 


Cancel 













Later, when you need to view this map again, it will be 
available exactly as you have created it. 
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If you have a printer connected to your computer, you can 
print the map. You created the map as a D size map, so if 
your printer will print D size paper, you can print the map 
at full size; otherwise, you can scale the map down to fit 
your printer. 

4. Click File and click Page Setup. 



File Edit View Insert Selection Tools 


Window 


□ New... 


Ctrl+N 


& Open... 


Ctrl+O 


H Save 


Ctrl+S 


Save As... 




^ Add Data... 




Add Data from Geography Network... 




Ml Page Setup... 


Print Preview... 









The Page Setup dialog box appears. 

5. On the Printer Setup panel, click Landscape, then click 
OK. 
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|~~ Same as Printer 
Standard Page Sizes: 



Page Orientation: 

C Portrait (* Landscape 



Output Image Quality: 
Fast Normal Best 




■Printer Setup - 
Name: 



| Letter 81/2x11 in 



Page Orientation: 

C Portrait (* Landscape- 

Printer Engine: 

#s Printer 



Scale map 

page size 



6. Click File and click Print. 

7. If your printer doesn't print as large as D size, click 
Scale map to fit printer paper. If it does print D size or 
larger, skip this step. 



■Printer 

Name: EPSON Stylus COLOR 600 

Status: Ready 

Type: EPSON Stylus COLOR 600 

Where: LPT1: 

Comment: 



C Tile map to printer paper 

r aii 

<~ Pages from 

C Proceed with printing, some clipping 
may occur 



■Printer Engine- 



Properties... | 



■Copies — 
Number of copies: 



8. Click OK to print the map. 
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Now you have a map suitable for framing or presenting to 
the City Council. There were a lot of steps in this fairly 
complex map but, as with the analysis phase, you actually 
used a small set of operations — in this case, assigning 
symbols to features, sizing and positioning map elements, 
and adding text and graphic elements. Understanding how 
to perform these basic tasks is the key to creating just about 
any type of map. Of course, ArcMap gives you many more 
options for creating highly customized maps. 

The project is finished! The City Council is likely to ask 
for additional analysis and a new map for their next 
meeting. Since the project database is complete, modifying 
the criteria and rerunning the GIS analysis should be 
relatively easy. And since you've saved a copy of your 
map, substituting the new analysis results will be 
straightforward. 

You've completed a small, sample GIS project. While the 
scope was limited, the project process and many of the 
specific methods and tasks are ones that apply to a wide 
range of projects you'll encounter in your GIS work. The 
next section lists a few of the many resources that are 
available to you as you begin to explore the broad range of 
GIS applications and the specific functionality of ArcGIS. 
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What's next? 



This book provided an introduction to using ArcGIS in a 
project setting. As you undertake your own GIS projects, 
you'll likely find you may need help with specific tasks 
that aren't covered in this book. You may also need to 
employ other ESRI software applications that weren't used 
for this sample project. 

This section lists a few of the many resources available for 
learning GIS, for finding GIS data and sample maps, and 
for getting help. It also provides a brief overview of other 
ESRI software applications you may find useful. 

Learning GIS 

There are a number of resources available for learning 
about GIS and learning how to use ArcGIS, including 
reference books, workbooks, and courses. 

Books 

You can use the other books that come with ArcGIS to 
learn more about how to use the ArcGIS applications, how 
to build GIS databases, how to do GIS analysis, and how to 
customize ArcGIS . 

When you want to quickly find out how to do a specific 
task, you can look it up in four reference books: Using 
ArcCatalog, Using ArcMap, Editing inArcMap, and Using 
ArcToolbox. These books are organized around specific 
tasks. They provide answers in clear, concise steps with 
numbered graphics. Some of the chapters also contain 
background information if you want to find out more about 
the concepts behind a task. In addition, each book includes 
a quick-start tutorial specific to that application. 
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If you want task-oriented, step -by-step help creating a 
geodatabase, read Building a Geodatabase. This book will 
teach you how to take your geodatabase design and 
implement it in ArcGIS. 

If your job includes designing GIS databases or developing 
applications, or if you want to deepen your understanding 
of the organization of your GIS, you'll want to read 
Modeling Our World. This book provides a broad 
conceptual discussion of GIS data models, with examples 
to illustrate the theory. 

When you're ready to explore GIS analysis in more depth, 
read The ESRI Guide to GIS Analysis. This book presents 
the basic concepts behind geographic analysis. It also 
illustrates the most common methods for performing 
different types of analysis, using examples from a variety 
of GIS applications. 

Exploring ArcObjects will introduce you to the 
development tools and environment that are available for 
customizing, extending, and creating extensions for ESRI 
enduser applications. 

Self-study workbooks 

ESRI Press publishes a number of self-study workbooks to 
help you learn specific software applications. The books 
consist of short conceptual overviews of specific tasks, 
followed by detailed exercises framed in the context of real 
problems. The books include a CD-ROM containing the 
sample data required to complete the exercises. Visit 
www.esri.com/esripress for information on currently 
available workbooks. 
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Instructor-led courses 



ESRI offers over 35 different courses in various aspects of 
GIS, including courses in using, programming, and 
customizing ESRI software applications, designing and 
building geodatabases, and GIS management. Classes are 
offered at facilities throughout the United States, and 
internationally through ESRI distributors. For course 
descriptions, class schedules, and registration information, 
visit www.esri.com/training. Outside the United States, 
contact your local ESRI distributor for course offerings and 
class schedules. To find the ESRI distributor nearest you, 
visit www. esri. com/international . 

Web-based courses 

The ESRI Virtual Campus offers Web-based GIS courses 
over the Internet. The courses offer flexibility while 
providing hands-on experience and instructional support. 
To tour the Virtual Campus and for course descriptions and 
registration information, visit campus.esri.com. 

Getting information on other ESRI software 

There are several ESRI software applications that work in 
conjunction with ArcGIS to provide tools for advanced 
data analysis and management, including the ArcGIS 
extensions, ArcSDE, and ArcIMS. What is ArcGIS? 
provides an overview of the extensions and applications. 
You can also visit www.esri.com/software/index.html to get 
more information. Here is a brief description of each. 

ArcGIS extensions 

Several optional ArcGIS extensions are available for more 
advanced analysis and visualization of GIS data. 
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ArcGIS Spatial Analyst provides a broad range of spatial 
modeling and analysis features that allow you to create, 
query, map, and analyze cell-based raster data. 

ArcGIS 3D Analyst™ enables you to visualize and analyze 
surface data in three dimensions. 

ArcGIS Geostatistical Analyst lets you create a continuous 
surface from sparse measurements taken at sample points. 
In addition, Geostatistical Analyst includes tools for 
statistical error, threshold, and probability modeling. 

ArcSDE 

ArcSDE allows you to manage geographic information in 
your chosen DBMS and to serve your data openly to the 
ArcGIS Desktop and other applications. When you need a 
very large, multiuser database that can be edited and used 
simultaneously by many users, ArcSDE adds the necessary 
capabilities to your ArcGIS system by enabling you to 
manage your shared, multiuser geodatabase in a DBMS. 

ArcIMS 

ArcIMS™ is an Internet mapping system that provides a 
framework for centrally building and deploying GIS 
services and data. Using ArcIMS, you can deliver focused 
GIS applications and data to many concurrent users, both 
within your organization, and externally on the World Wide 
Web. 

Finding GIS data and maps 

You can complete your GIS projects more quickly and 
cheaply by obtaining existing GIS data, when possible. 
Looking at maps others have created using GIS will give 
you an idea of the types of projects that are possible with 
GIS and ways of visualizing and presenting GIS data, as 
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well as possible sources of data for your own projects. 
There are a number of sources of both GIS data and maps. 

GIS data 

Obtaining GIS data for your project can be extremely time 
consuming, especially if you need to create the digital data 
yourself. While you will undoubtedly need to do this for 
some proprietary data, there is much existing GIS data 
available from many different sources. Base data such as 
streets and elevation are available from both private and 
public sources. In addition, local organizations are finding 
it increasingly useful to publish their data for others to use. 

The Internet makes finding GIS data much easier than in 
days past. Two good places to start are ArcData SM Online at 
www.esri.com/data/online/index.html and The Geography 
Network at www.geographynetwork.com. Both sites let you 
search for datasets, download free data, license commercial 
datasets, and create dynamic maps online. 

GIS maps 

A good way to see the types of projects and analysis other 
users and organizations are doing with GIS is to look at the 
maps they create. Each year at the International ESRI User 
Conference users display maps from recent projects they 
have completed. Images of many of these maps can be 
viewed on ESRI's Web site, at www.esri.com/mapmuseum/ 
index.html. Some of these maps are also published in the 
annual ESRI Map Book, which is available online in 
ESRI's GIS Store at www.esri.com/gisstore. 
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Getting support 



There are several places to get help with specific issues or 
questions while doing a GIS project, or to get general 
support when getting started with GIS. These include ESRI 
technical support, other GIS users, and online resources. 

ESRI Technical Support 

If you have an issue or question related to a specific 
function in ArcGIS and are unable to resolve it using the 
documentation or online help system, you can contact 
ESRI's Technical Support group for assistance. Visit the 
ESRI Support Web page at support.esri.com. The site lets 
you submit a request for support, search FAQs and other 
support documents, download utilities and updates, and 
communicate with other users through email lists and 
discussion forums. 

Support services for users outside of the United States are 
provided by the international distributor responsible for the 
distribution and sales of desktop software in the user's 
country. To contact your distributor, visit www.esri.com/ 
international. 

Conferences and organizations 

One of the most valuable resources you'll have as you 
continue working with ArcGIS is other GIS users. In 
addition to providing help with specific technical 
questions, users can offer the depth of their experience in 
organizational and GIS management issues. A good way to 
contact other GIS users in your region or in your field is 
through GIS conferences and industry organizations. 
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Each year, ESRI holds an International User Conference. 
The conference lets users from around the world exchange 
knowledge and information, get face-to-face technical 
support, and see the latest developments in ESRI software. 
For information, visit www.esri.com/events/uc/index.html. 
In addition, many local and regional ESRI user groups hold 
meetings and conferences several times a year. Visit 
gis. esri. com/usersupport/usergroups/usergroups. cfm for 
information, or contact your nearest ESRI regional office 
or ESRI distributor. 

Online resources 

There are many online resources in addition to the ones 
listed above. A good place to start is www.gis.com. This site 
provides general information about GIS and includes links 
to other resources, including professional associations 
related to GIS, educational resources, sources of GIS data, 
and many others. 
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